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ExpandngE P Arieasurement methodology in order to fully capture all
potential sources oivasted foodin the industrialresidential,

commercialandinstitutional sectos, as well as develop estimates for
the full spectrum of methods used for managingstedfood.
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Executive Summary

In 2017 the U.S. Environmental Protection Agency (E@Aput to revise its food measurement
methodology to more fully capture flows of excess food and food walsteughout the food systemand

to provide more granular annual estimates of generation and management of excess food and food waste
to the public This Scoping Memo describes the measurement methodology EPA has dsée, tas well

as the enhanced methodology that EPA developegvben 2017 and 2019. Thisihanced methodology

was used to calculateectorspecific estimates of excess food and food waste generation, as well as
estimates of hownuch excess food and food waste was sent to each management pathway, for the year
2016. Thé Scoping Memao provides detail on the methodologies and studies teedssulting2016

estimates, and describes how EPA plans to use the enhanced methodology in its estimates for the
“Advancing Sustainable Materials Management: Faiati-igures report (hereafter referred to as the
“FaandFsi gur es. Report?”)

EPA has collected and reported data on the generationmaadagemenbf municipal solid waste (MSVif

the United States for more than 30 years. EPA publishes estimates of food waste generdtion an
management in the UniteddFStgatres &Repowalk!"y iTmiist an'
estimates of how much food waste the commercial, residential, and institutional sectmgenerated

and managed bgompostng, landfiling, and canbustion with energy recovery.

In order to more accurately estimate how excess food and food waste are managed in the United States,
EPA set out to expand its estimation methodology to capture the various methods in which excess food and
food waste are ranaged and to align with the Food Loss and Waste Accounting and Reporting Standard
“FLW St avhichasma dldbal standard that provides requirements and guidance for quantifying and
reporting on the weight of food and/or associated inedible paeisioved from the food supply chain

(Food Loss and Waste Protocol, 2016)

EPA’ s efoodmeasurerdeninethodologyhas a broadescopethant he “afd&Ec gsr es Repo
methodology On the generation side, the enhanced methodolowjudes the industrial sector, as well as
additional commercial and institutionakctors includingoffice buildings, military bases, sports venues,

food banks, and certain classes of retailé@a.the management side, the enhanced methodology includes
several additional management pathways.

EPA included the following food waste generating sectors in the enhanced methodology:

9 the industrial sector, which is comprised of the food and beverage manufacturing and processing
sectors,
9 the residential sector;
9 the commercial sector, which includes:
o food retail/wholesale sectors, including supermarkets, supercenters, and food wholesalers;
0 hospitality sectors, including restaurants/food services, hotels, and sports venues;

The term “excess food” refers to food that is donated
such as plate waste (i.e., food that has been served but not eaten), spoiled food, or peels and rinds considered

inedible thatare managed in a variety of methods other than donation to feed pe@setion 6.1 Appendix A

contains a glossary of terms used throughout this memo.

2 https://www.epa.gov/factsandfiguresaboutmaterialswasteand-recycling/advancingustainablematerials

management
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9 the institutional sector, including hogpls, nursing homes, military installations, office buildings,
correctional facilities, colleges and universities, artkschools; and
i food banks.

Using the enhanced methodologyPA estimates that in 2016, just over 100 million tons of excessafubd
food wastewere generated in the industrial, residential, commercial, and institutional sectors. Higure
shows the percentage of excess food and food waste generated by each sector.

FIGURE. PERCENTAGE DISTRIBN OF EXCESS FAXIDFOOD WASTE GENHEN (2016)

Food Wholesale Other
4% 3%

Supermarkets a
Supercenters

9% .
° Manufacturing

Processing
38%

Restaurants/
Food Services
17%

Office Buildings
4%

Residential
24%

Excess food and food wastee managed in a variety of ways. EPA e nh an c e dexaminedithed ol o g
following management pathway$ee Section 6.1: Appendix A for definitions of each management

pat hway), which significantly expand the scope be
food waste (i.e., composting, landfill, and combustion) inthEact s and Fi gures Repor

1 animal feed;

bio-based materials/biochemical processing;
codigestion/anaerobic digestion;
composting/aerobic processes;

controlled combustion;

donation

land application;

landfill; and

1 sewer/wastewater treatment

=4 =4 =4 -4 -4 - -9

Using the enhanced methodologyPA estimates that in 2016, of the excess food and food waste
generated in the industrial, residential, commercial, and institutional sectors, just over one third was
landfilled, gproximately20% was sent to animal feeapproximately11% was sent to
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codigestion/anaerobic digestigmnd gproximately9% was donated. The remaining management
pathwayseachaccountfor 8% or lessf total food waste managed. FiguPeshows the percentage of
excess food and food waste that waisnaged byeach management pathway.

FIGURE. PERCENTAGE DISTRIBN OF EXCESS FARD FOOD WASTE MANEMENT (2016)

Controlled Food Donation
Combustion, 9%
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20%

Landfill 35%
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Digestion,11%

Composting3%

Sewer/Wastewater Bio-based materials

0 Biochemical Processing%
Treatment,4% Land application8% e

EPA will use the enhanceteasurement methodology, with one exception, to derive updated estimates of
excess foo@nd food waste generation and management forth& act s and FBtartojpgiwitt s Re p -
the 2018 estimates, whichre anticipated tobe published in late 2020. The exception is the industrial

sector (i.e., food manufacturing/processing), which will not be included ifithReact s and Fi gur e
While the food manufacturing/processing sector is an important component of the entiek $gstem, it

wi || not be i nc"lRactds iann dE Ph&icagse radostrialselices oftwaste are out

of scopeforthe® Fact s and Fhegefone,éghg FRiecp osr ta’n d Will igcludeexxesfKRe por t
food and food waste generiain estimates for the residential, commercial and institutional sectors, and
estimates of how much excess food and food waste is managed by the following pathways: animal feed,
bio-based materials/biochemical processing;digestion/anaerobic digestionpmposting/aerobic

processes, controlled combustion, donation, land application, landfill, and sewer/wastewater treatment.

EPA compared the 2016 food waste estimates publishediithRea ct s and RiSgHPA 2®l9%Re p o
with the 2016 estimates devaped using the enhanced methodology (excluding the

manufacturing/processing sectoffhe enhanced methodology results in higher estimates tharftliea c t s
and Fi guregtimateReéupto:r t ”

1 the use of newer studies that often result in higlgemerationfactors;
1 the inclusion of additional generator sectors in the commercial and institutional sectors; and
1 the inclusion of additional management pathways.

For 2016, the enhanced methodology results in an estimate of 62.23 million tons of excess fooddand foo
waste generated in the residential, commercial, and institutional sectors, compared to 40.31 million tons of

Xi



food waste generated inthe 20f6Fact s and FHISgHPA, 2GEL9dReastinatds of the

portion of food waste that was semo landfil are similar: 35.43 million tons using the enhanced

methodology, compared to 30.68 milliontonsinthecact s and BRISgEPA. @E9dRthe@ Or t
21.92 million tons difference between the two generation estimates for the residential, commenadl

institutional sectors, the majority (18.54 million tons) was managed by methods other than composting,
controlled combustion, and landfill. This is due to the factthatthEa ct s and meéetlgpdologys Rep
would not necessarily have capturedcess food and food waste on the generation side that was managed

by animal feed, biebased materials/biochemical processing;digestion/anaerobic digestiomonation,

land application, and sewer/wastewater treatment
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1 Background

Wasted food is both a growing problem in our society atargelyuntapped opportunity. EPAs mo st
recentestimatesinits®* Advancing Sustainabl e Mat errapatl(hereaflea nagen
referred to as t he shawahatAmsericamhdusehaldbusinessessnd mgtitations ” )
generatedapproximately 40.67 million tonsf food wastein 2017alone anddiverted 6.3%for composting
(U.S. EPA, 201915 PA egtnates that more food reaches landfills acombustion facilitieshan any other
single material in our everyday trash, constituting/@# discarded municipal solid wasfg.S. EPA,

2019b) Additionally, theJ.S. Department of Agriculture (USDA) estimétes in 2010, 3%- or 133 billion
pounds of the 430 billion pounds of food producesias not available for human consumption at the retail
and consumer levels (i.e., ottleird of the food available was not eate(Buzby et al 2014) While the two
estimates are quite different due to different methodologies and scopes, they begin tcapdhte size of

this immense challenge.

Through its SustainabMaterials Management ProgranEPA is identifying ways to redusasted food

and thereby limit its negative environmental consequences. Sustainable Management of Food is a
systematic approach that seeks to reduce wasted food and its associated impacts over the entire life cycle,
starting with the use of natural resources, manufaetg, sales, and consumption, and ending with

decisions orhow the waste is manage@PA works to promote innovation and highlight the value and
efficient management of food as a resource. Building on the familiar concept of "Reduce, Reuse, Recycle,"
this approach shifts the view on environmental protectitanthe entire lifecycle of materialso more fully
recognize the impacts of the food we waste.

Increasingly, food is managed in a variety of methods
beyond landfilling, combustion and compostiliRPA hs
long recognized that wasted food is handled in a variety of
ways, with some methods more preferred than others, as
... Food Recovery Hierarchy laid out in the food recovery hierarchin order to more
accuratelyegimate how wastel foodis managed in the
United States, EPA set out to expancdeiismation
Feed Hungry People methodologyto capture the variousnethodsin which

Feed Animals wastedfood is managednd to align witithe Food Loss
and Waste Accounting and Reporting Standard r  “ FL W
St a n d wahicl % g global standard that provides
requirements and guidance for quantifying and reporting

on the weight of food and/or associated inedible parts

Incneration removed from the food supply cha{food Loss and
Waste Protocol, 2016)

FIGURB® 9t ! Q{ Ch/HERARTH

Source Reduction

EPA, with supporfrom Industrial Economics,
Incorporated (IEchas developednenhanced measurement methodologypdating the data sources
usedfor estimatingexcess food antbod wasté generation and management, aggtimating the amount

SThete m “excess food” refers to food that is donated to
such as plate waste (i.e., food that has been served but not eaten), spoiled food, or peels and rinds considered

1



of excess food antbod waste hat is managed by a variety of methods, including animal feedh&éed
materials/biochemical processing, codigestion/anaerobic digegtitne r e af t er r ef err ed t «
composting/aerobic processes, controlled combustion, donation, land applicatiafjllaand

sewer/wastewater treatment.

2 Food Measurement Methodology Used to Daten E FFAa’cst s  a n (
FIigures Report?

EPA has collected and reported data on the generationmaadagemenbf waste in the United States for

more than 30 year€EPA publishes estimates of food waste generation and managemér United
Statesannual | y andFiigtus e‘“sHhBantpslreportincludes estimates of how much food

waste is generatg, composted, landfilled, and combusted with energy recov&iy? A’ s most r ecer
articulation of its methodologjorthe® Fact s and Einthe memes eniRlegdfVunictpdl Solid

Waste Generation, Recycling, and Disposal in the USitatés: Facts and Figures Methodology

Document (U.S. EPA014)

2.1 GenerationMethodologyi n EFA'cst s and Figures Report

Inthe* Fact s and EPAastimatesof R&dpvaste geheration tonnages from the residential,
commercial, and infiutional sectorshaverelied on existing studies conducted by state and municipal
governments, industry groups, universities, and otgeyups These studies generally measure food waste
at the point it is ready to be managéy the traditionalMSWSsystem (i.e., composting, landfilling, and
combustion) which excludes food that is donated to feed peopisedto feed animalssentdown the
drain(e.g. viaresidential food waste disposgror managed in ways other than landfilling, combustion, and
composting.

EPAhasestimatal residential food waste generatianthe® Fact s and Byiegtablisinga Repor t
nation-wide per capita estimate, which is then multiplied by the United States population. The estimate
werebased on curbside sampling digs and household diaries published over the past two decades.

Commercial sector industrigbat werecoveredinthe® Fact s and mélugaugroeesy stitesp or t
full- and limitedservice restaurants, and hotels. Institutional sector industriekidetl public and private
elementary schools, colleges and universit@syectional facilitiesnursing homes, residential hospitals,

and shortterm stay hospitals. The commercial and institutional food waste generation estimates

based on dozens afidustry-specific studies from across the nation that measured food waste generated at
specific facilities and businesses and correlated it to faafigcific characteristics (e.g., revenue or the
number of employees) to establish equations expresgigeration factos (e.g., 3,00@oundsof food

waste generated/employee/year in grocery stores). Theeee multiple studies, and therefore multiple
generation factos, available for each industry. EPA sdaip these rates by applying national, industry
spedfic business statistics (e.g., U.S. Censpsrted store sales, number of employees in restaurants,
number of patients in hospitals, number of inmatesarrectional facilitiey which resukedin multiple

inedible that are managed in a vatyeof methods other than donation to feed peoplgection 6.1 Appendix A
contains a glossary of terms used throughout this memo.

4 See Appendix A: Glossary for definitions

5 https://www.epa.gov/factsandfiguresaboutmaterialswasteandrecycling/advancingustainablematerials

management
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food waste generation estimates per industnn Average annual generation estimateas then calculated

for each industry, and these valuagre summed to calculate overall commercial or institutional sector
estimates of food waste generated. The national food wagteeratione st i mat anniuali FBR A 'ss
and Fi gu rweasderiird lpy@adding'the figures calculated for the residential, commercial, and
institutional sectors.

2.2 Management Pathwalylethodologyi n EFA'cst s and Figures Re

On the management pathways sidePA develagd estimates of food waste composted based on
summarizingtate-specific data available from state environmental agency websites, published reports,
and reported valuefrom E P AState Data Measurement Sharing Progfé8MP) EPA il not extrapolate
this data to account for activity in themainingstates, tribesand territories for which no data ere
available. MSW compost, whichwéiensinglestreamMSW is collected and organics are sorted out for
processing at the composting facilityas also included in the total compost estimaaad refleced
production from all known sourcdsased orpublished literature.

EPAhen subtracked the estimate of food waste composted from the estimate of food wwagenerated.
This resukedin the estimate of total food waste thatas landfilled and combusted with energy recovery.

In 2015, 19.600f MSW after recycling and composting was combusted with energy recasergpt for

major appliances, tires, and leatid batteries. Thereforesombustion with energy recovemyasestimated

to be 19.660f the food wastenot composted. Thigstimatewas derived from the Energy Recovery
Council ' s ( ERC}o-Ebergy fadlitie® (ER2018).f EPAVskthis estmate because there is

no available materia¢pecific data on combustion with energy recovery for food waste. The combustion
with energy recovery ratevas calculated by dividing the ERC annual combustion tonnage figure by the sum
of ERC annual combustiontiwenergy recovery plus national landfill tonnage. Using a mass balance
approachfood wastelandfilled was equal to 80.4% of the difference between material generated and
recycled.

Insut$mar, EPA’ s management pathway mass bal ance appr oec
1 Generation = Composted + Combusted with energy recovery + Landfilled
1 Combusted with energy recovery = 19.6% * [Generati@omposted]

1 Landfilled = 80.4% * [GeneratienComposted]

3 Enhanced~ood Measuremenilethodology

In 2017 EPA set out texpandits wastedfood measurement methodology in order to fully captue a
manypotential sources of food wastes possiblén the industrialresidential, commercial, anidstitutional
sectors, as well as develop estimates for the full spectrum ahagement pathwayssed for managing
excess food and food wast€his builds on previous scoping work that was summarized in a 2016 memo
entitled “Food Waste Management in the United ®®t2014 that examined food donation data,

6 https://www.epa.gov/smm/sustainablenaterialsmanagemenius-state-data-measuremenisharingprogram
”MSW compost may contain some nfood waste.
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composting infrastructure, food waste regulations, food waste used to feed animals, and anaerobic
digestion of food wast¢U.S. EPA, 2016a)

3.1 Terms

EPA uses the definiti on (FeddLdsSand\Wwhste Frotocathh Rodde FL W St
includes ay substance-whether processed, sermirocessed, or raw-that is intended for human

consumption; this includes drink, and any substance that has been used in the manufacture, preparation,

or treatment offoodl EPA uses t he ttedescribé foa shatwak ndt wseddot its intended
purpose and is managed in a variety of ways, such as donation to feed people, creation of animal feed,
composting, anaerobic digestion, or sending to landfills ortmastion facilities. Examples include unsold

food from retail stores; plate waste, uneaten prepared food, or kitchen trimmings from restaurants,

cafeterias, and households; or4pyoducts from food and beverage processing facilitfief. e t >cessn “ e

f o oreféers to food that is donated to feed people, while the teffood wasté refers to food such as

plate waste (i.e., food that has been served but not eaten), spoiled food, or peels and rinds considered
inediblethat aremanaged in a variety of methods ahthan donatiorto feed people F 6 o d réfersdos ”
unused product from the agricultural sector, such as unharvested cstpse n r ef erring t o b
food” and “food waste”, EPA us e gefetrihnggobdtheSection'6d,ast e d
Appendix Acontains a glossary of terms used throughout this document.

3.2 Scope

The scope of EPA’ s e n meaessfeod anthedwaste demdrated thei ncl ude s
industriaP, residential,commercialandinstitutional sectorsand doesot includefood lossfrom the

agricultural sectorThe enhanced methodology does not differentiate between different types of food or

food commodities.

The followingood-waste generatingectors areincludedn EPA’ s enhanced met hodo

9 the industrial sector, which is comprised of ttowd and beveragenanufacturingand processing
sectors;
1 the residential sectqrwhich includes mukiamily and single family housing
9 the commercial sector, which includes
o foodretail/wholesalesectors, including supermarkets, supercenters, and food wholesalers;
0 hospitality sectors, includingstaurants/food serviceshotels, and sports venugs
1 institutional sectors, including hospitals, nursing homes, military installatiffise buildings,
correctional facilitiescolleges and universities, andlR schoolsand
9 food banks

These sectors significantly expand the scop¢he methodologycompared tothe® Fact s and Fi gul
RepoThe*’Fact s and Hoegnotineweh&feod and lieVeragenanufacturingand

processing sectewhichis asignificant generator of excess food and foedste, asvell as othemgenerator
sectors(office buildings, military bases, sports venuesd banksand certain classeof retailers.

8Note that EPA’'s “Facts and Fi guatoeestimRespasthey are outiofstopen ot i |
See Section 4 for more information.
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On the management foodnkgdoldgyRrkludes the followimg@atidvays: animal feed,
bio-based materials/biochemical processing, codigestion/anaerobic digestion, composting/aerobic

processes, controlled combustion, donatjdand application, landfill, and sewer/wastewater treatment
(SeeSection 6.1Appendix A for definitions of each management pathwaylesenanagemenpathways
significantly expand the scope beyond EPAEes previ
composting, landfill, and combustiom) the FactandFigures Reports

3.3 Enhancedseneration Methodology

EPAundertookthe following steps in order to develop estimataishow much food waste was generated in
the United States in 201%The analyses apply methods that can be readily updated in the future

9 Conduct Detailed Literature searcEPA focusegdrimarily on literature published in or after 2007
and gave preferenceotU.S. studies (although EPA selectively examined older and international
literature to fill key data gaps). The literature search results provide the foundation for a series of
detailed, sectosspecific analyses that estimate annual quantities of foodtevgeneration in the
U.S. and trace current management practices.

9 Identify Generation FactorsGeneration factors are the quantitative parameters that allow
estimation of food waste generation relohtive t
residential food waste generation may frame the generation on the basis of annual pounds per
household. Likewise, a study of generation at restaurants may frame the findings as annual pounds
per restaurant employeeEPAperformed a detailed review of thliterature for each sector to
identify studies providing original, empirically derived generation factors. For most seEtets
identified several estimates that were robust enough to include in the analysis.

9 Establish Extrapolation Basi&xtrapolatioris necessary to translate specific study findings into
national food waste generation estimates. For example, a study of supermarkets in a given city may
find that those stores generate two tons of food waste per emplgyeeyear That generation
factor must be multiplied by the number of supermarket employees nationwide in order to develop
a nationatlevel estimate of food waste generation. The number of supermarket empldagebe
“extrapolation basis.” The e xdrationfacdrsadévelapedinb a s i ¢
the original research. In researching each extrapolation basis, howeRér gavereference to
data sources that are readily accessible, free, and updated regularly (preferably annually).
Therefore, for instancePAuses Cersus Bureau data for numbers of supermarket employees,
rather than proprietary data or onéme research reports from the grocery industry.

91 Develop Annual Generation EstimateBach generation factevasmultiplied by the relevant
extrapolation basis to dhin an annual food waste generation estimate for the sector.

1 Average Generation Estimategfter developing the annual food waste generation estimate for
each generation factoEPAaveragel these estimates together to arrive at a final, average
estimateof annual (2016) food waste generation for the sector.

Figure4 summarizes the general methodological approach.

9 EPA used data for 2016 where it was available, but in a few cases the data are older or newer.
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FIGURE. GENERAL GENERAHSNIMATION METHOD@Y
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Tablel summarizes the generation factodgvelopedfor each sectorDetailed methodological
considerations for each sector are containederction 6.2Appendix BWhen the literature allowd, the
methodologyincorporated multiple generation factors (with diffent units) and averagkthe resulting
generation estimates together.

TABLH. AVERAGE FOOD WASYE EXCESS FOOD GENER FACTORD16)

GENERATION
HIGH LEVEL SECT CATEGORY SECTOR FACTOR UNITS
Industrial N/A Manufac_turmg/ 0.09 Lbdsales $/year
Processing
Residential 340.42 Lbshousehold/year
Residential N/A Percent food waste (of total
17.04
household waste)
Supermarkets 2.04 Tonskemployeédyear
0.38 Tonskemployeédyear
Food 104.88 Tonskstablishmentyear
Retail/Wholesale Supercenters 10.00 Lbgthousand $ revenue
Food Wholesale 120.68 Tonsfacility/year
0.01 Tonsthousand $ revenue
Commercial Hotels 1,137.83 Lbgemployeelyear
Restaurants/Food 3,050.67 Lbgemployeelyear
Servicegfull 39.13 Tonsfacility/year
- service) 33.00 Lbgthousand $ revenue/year
Hospitality
Restaurants/Food 2,751.33 Lbgemployees/year
Services (limited 40.91 Tonsfacility/year
service) 33.00 Lbsthousand $revenuelyear
Sports Venues 0.31 Lbgvisitor/year
Hospitals 653.14 Lbgbed/year
0.47 Lbgmeal
Institutional N/A Nursing Homes 657.00 Lbgbed/year
0.55 Lbgmeal
Military Installations 105.27 Lbgperson/year
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GENERATION
HIGH LEVEL SECT| CATEGORY SECTOR FACTOR UNITS
Office Buildings 169.85 Lbgemployee/year
0.22 Tons/L000 sq fthear
Cor.r(.e.ctlonal 1.12 Lbginmate/day
Facilities
Colleges and 0.36 Lbgstudent/meal
Universities 0.44 Lbgstudent/meal
0.01 Tongd student'year
K-12 Schools 21.99 Lbgstudent/year
0.43 Lbgmeal
N/A N/A Food Banks 299 Tongestablishment

Table2 summarizes annuaxcess food antbod waste generation estimates for each of the sectors, as
well as contextual information on each sector. First, for each sector, the table identifies, where
appropriate, theNorth American Industry Classification Syst&AICHcodes used to define theestor. For
most of the sectors, these NAICS codes are the basis for compiling extrapolation data used in estimating
generation. Second, the table lists the number of unique empirical studies on which the generation
estimate is based. Finally, the table pides estimated generation in tons per year, as well as the percent
of all generation that the sector represents.

EPA estimates that just over 100 million tongréess food antbod wastewere generated in the
industrial,residential,commercialandinstitutional sectors in 2016As shown irmable2 and Fgure5, food
manufacturingprocessingaccounts for over onghird of estimated generation. Several other sectors,
however, are also significant contributors to overall generation. Resideygisrationmakes upaboutone
guarter of total generationRestaurants/bod servicesand food retailwholesale(supermarkets,
supercenters, and food wholesalaje also major generators. Of the remaining sectors, most are in the
institutional and hospitality groups, and each have annual generafianaccounts for less that%oof total
generation, withthe exception ohotels,office buildings andH2 schools, which each excebthof total
generation

TABLR. ESTIMATED ANNUAMCESS FOOD AND FRABSTE GENERATIONBETOR (2016)

NUMBER OF
HIGH LEVEL STUDIES EiL:L\AUA;LED PERCENT Of
CATEGORY SECTOR NAICS CODES INFORMING TOTAL
SECTOR GENERATION
GENERATION (TONS PER YEAF GENERATION
FACTOR
Industrial N/A Manufacturind | 311 and 3121
Processing (excluding 311111 0
311119, 312112, 3 37,813,294 37.80%
and 312113)
Residential N/A Residential N/A 12 24,568,660 24.56%
Supermarkets | 445110, 445120,
Food Retall and 445210, 445220,
Commercial Wholesale Supercenters 445230, 445291, 9 8,681,999 8.68%
445292, 445299,
452910




NUMBER OF

HIGH LEVEL STUDIES EiL:L\AUA;LED PERCENT Of
CATEGORY SECTOR NAICS CODES INFORMING TOTAL
SECTOR GENERATION
GENERATION (TONS PER YEAH GENERATION
FACTOR
Food Wholesale| 424410, 424420,
424430, 424440,
424450, 424460, 3 3,901,677 3.90%
424470, 424480,
424490
Hotels 7211 4 1,114,011 1.11%
Restaurants/ 722511, 722320,
Hospitality Food Services | 722514, 722513, 8 16,886,535 16.88%
722330, 722515
Sports Venues | N/A 3 38,088 0.04%
Hospitals 622 6 288,401 0.29%
Nursing Homes | 6239, 6233, 6232, 3 465,932 0.47%
6231
Military _ N/A 5 58.944 0.06%
Installations
Institutional N/A Office Buildings | N/A 3 4,004,430 4.00%
Corrggtlonal 922140, 561219 6 443,002 0.44%
Facilities
Colleges and | N/A 10 617,634 0.62%
Universities
K-12 Schools N/A 5 1,162,683 1.16%
TOTAL GENERATFKON 100,045,291 100.096
Notes:

11n several instances (hospitals, nursing honeestectional facilitie the sector has a NAICS code, but the
extrapolation data are not strictly delineated by NAICS code as with Census data. For instance, nursing hon
aligned with several NAICS codes, but data on nursing home populations is compile?l Benters fdDisease

Control and PreventiorQD@, not by theU.S.Census Bureau.

2This total includes excess food donated to food bamkthe industrial and commercial sectoFod banks also
generate some food waste (378,198 tons) due to spoilage and dlotors. This 378,198 tons is not added to tof
generation

because

it

Section 6.2.6 for more information.
3Totalsdo not add up due to rounding.

woul d

represent
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FIGURB. PERCENTAGE DISTRIBN OF EXCESS FARD FOOD WASTE GEANHON (2016)
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Thetotal generation estimatdor 2016u si ng EPA’ s enhanced methodol ogy
estimates(see Sectior4 for a more detailed comparisonprimarily due to the expanded scope of the

enhanced methodologyVhile fewnational studies similar in scogist, the available infonation

suggests thh.  E PnAdncedmethodologyestimates are consistent with other research:

T TheUSDA' s Economi ¢ Rhasdewlopedithe Sewdjusied Fmod A&iRISIity
(LAFA) data series to consider food loss (spoilage, plate wasfeagtn element of tracking
nutrition and food in the U.S. Based on 2010 data, the LAFA research suggests about 66.5 million
tons of foodloss(i.e., foodwasteas defined in this mema@nnually in retail and consumer settings
(with consumer settings inatling households, restaurants, school cafeterias, and various
institutional sectors)Buzby et al., 2014 P Aestimates for the analogous sectors (residential,
commercial and institutional) total about 62.million tons, a difference &%

1 Dou et al(2016)estimated food wastgenerationin the U.S., including industrial, retail, and
consumer sectors. This research found approximately 106 million tons of food waste
generatedper yeat’, adifference of6%from the total estimatedby the enhanced EPA
methodology

EPAplans toupdate theexcess food antbod waste generation estimates on an annual basipart of the
“Facts and FSeegSeadtios for mRre detai) Dding so will requirapdating the extrapolation
basis applied for each sector, and, where relevant, updating reference literatalbée3 summarizes the
extrapolation basis for each sector and the associated data soBemion 6.2AppendixB provides
additional detaibneachs e c t o r ' s method) inctuding internet links for key information sources.

10 Note that portions of Dou et al. (2016) incorporated data from Buzby et @L4(2 hence, Dou et al. (2016) does not
represent an entirely independent empirical estimate.
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TABLB. DATA FOR MAINTANKH ANNUAL GENERATESNYIMATES

HIGH LEVEL CATEGORY SECTOR EXTRAPOLATION BASIS DATA SOURCE
SECTOR
N/A Manufacturing | Sales revenue in relevant U.S. Census Bureau, 2016
Industrial Processing NAICS codes Annual Survey of
Manufacturers
. . N/A Residential U.S. households U.S. Census Bureau, Historic
Residential
Household Tables
Supermarkets | Method 1: Employees in U.S.Census Bureau, County
relevant NAICS codes Business PatternCBP)
Method 2: Establishments in U.S.Census Bureal;BP
relevant NAICS codes
Method 3: Sales revenue in | U.S.Census Bureau, Annual
Food Retall relevant NAICS codes Retail Trade Survey
Wholesale Supercenters Employees in relevant NAIC| U.S.Census Burea;BP
codes
Food Wholesalg Method 1: Establishments in U.S.Census Bureal;BP
relevant NAICS codes
Method 2: Sales revenue in | U.S.Census Bureau, Monthly|
relevantNAICS codes Wholesale Trade Report
Restaurants/ Method 1: Employees in U.S. Census Bureau, Statisti
. Food Services | relevant NAICS codes of U.S. Businesses (SUSB)
Commercial
datasets
Method 2: Establishments in U.S. Census BuregdUSB
relevant NAICS codes datasets
Method 3: Sales revenue National Restaurant
Association,
- Restaurant Industry Outlook
Hospitality - —
Hotels Employees in relevant NAIC| Bureau of Labor Statistics
codes (BLS)Nationallindustry-
Specific Occupational
Employment and Wage
Estimates
Sports Venues | Number of annual visitors | Annual attendance statistics
from professional and collegg
league organizations
Hospitals Method 1: Hospital beds AmericanHospital
Association(AHA) Fast Facts
for U.S. Hospitals
Method 2: Meals served CDC National Center for
based on occupancy rate Health Statistics
Nursing Homes | Nursing home beds CDC
Military Number of activeduty Defense Manpower Data
Institutional N/A Installations military stationed in U.S. Center

Office Buildings

Method 1: Number of
employees in officeriented
sectors

BLS Employment Projections
Employment by Major
Industry

Method 2: Office square
footage

Energy Information
Administration(EIA)
Commercial Buildings Energy
Consumption Surve§CBECS)
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HIGH LEVEL CATEGORY SECTOR EXTRAPOLATION BASIS DATA SOURCE
SECTOR
Correctional Incarcerated population U.S. Bureau of Justice
Facilities (federal, state, and local Statistic{BJS)
facilities)
Colleges and Meals per year based on National Center for Educatior
Universities number of enrolled students| StatisticSYNCES)
K-12 Schools Number of students NCES
N/A N/A Food Banks and Food waste estimated as Hoovers data for NAICS
Other Donation | share of total donations; 624210
Centers donationsextrapolated
based on Feeding America
and nationwide number of
food bank facilities

3.4 Enhancedvlanagement Pathway Methodology

In addition to updatingnd expanding the generation methodology, EPA greatly expanded the scope of the
management pathwayscluded in its methodologto capture more accurately hoexcess food antbod

waste are managed throughout the food syste E P A’ s e n h a nlargelyalignewitithe BL8®/| o gy
StandardFood Loss and Waste Protocol, 20T6)e FLWStandardncludes the following food waste
“destinat i on s-basedaatériablsiblochémecal grocesbing;otigestion/anaerobic digestion,
composting/aerobic proesses, controlled combustion, land application, landfill, not harvested/plowed in,
refuse/discards/litter, sewer/wastewater treatment, and oth@food Loss and Waste Protocol, 20E}A
usestheterm® management p attheveany"d eisntsitwhachds uwswdn the FLW
StandardEPA’ s enhanced met hodol ogy does nStatdard ncl ude
destinations: not harvested/plowed in, refuse/discards/litter, and other, due to fewel loss being out of
scope (in the case obmhharvested/plowed in) and lack of available data (in the case of
refuse/discards/litter and other)the enhanced methodology does include estimates for one additional
pathway that is not one of the FLW Standard destinations: food donation

3.4.1 Initial Exces$ood and~ood WastdManagementCharacterization

EPA first analyzed the literature used for the generation methodologies to establish approximate
percentage distributionfor each sector across management pathways.

1 Manufacturingprocessing retail/wholesale, andrestaurantsfood services Annual surveys
performed byBusiness for Social ResponsibilBsRin 2013 and 2014nd the Food Waste
Reduction AlliancéFWRA)n 2016 provided the management distributiofhese three studies
surveyed food waste generators in the manufactufprgcessing retail/wholesale, and
restaurantsfood services sectors and provide detail on how those sectors manageKoeiss
food andfood waste.

1 Residentialfood waste EPA developed a distribution based on a variety of studies examining
composting rates in different geographic locations, as well as studies on the use of household food
waste disposers (e.gn-sink disposa)s EPAhen assumed that the remaining food waste is either
landfilled or combusted, with the proportion based on various literature sources.
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91 All remaining sectorsForinstitutional sectors, hotelsports venuesandfood banks the initial
managemenpathwaycharacterization relies on the general food waste management distribution

esti mat ed report,E PPARdsv @2m0cli8ng Sustainabl e Ma'ter.
(U.S. EPA, 2018%
Table4 summarizes the percentage distributions used in the in#Hl6 waste management
characterization.
TABLE. INITIAL EXCESS F@GOD FOOD WASTE MAEMENT PROFILE, BETEER (2016)
PERCENTAGE MANAGED
MANU- FOOD DEFAULT
q
FOOD MANAGEMENT FACTURING RESIDENTIA ESCSJ—I;A;IERA\D:EE RETAIL DISTRIBU
FRACTION PATHWAY PROCESSING WHOLESALH TION
Excess Food Food Donation 1.52% 0.00% 1.69% 13.99% 0.00%
Animal Feed 61.46% 0.00% 0.02% 14.23% 0.00%
Codigestion/Anaerobic
Digestion 0.33% 0.00% 0.02% 4.66% 0.04%
CompostingAerobic
Processes 2.12% 5.00% 1.71% 13.71% 5.95%
Bio-based
q Materials/Biochemical
Food Waste | b essing 0.85% 0.00% 7.52% 4.37% 0.00%
Land Application 27.08% 0.00% 0.00% 2.04% 0.00%
Wastewater Treatment 0.00% 15.00% 0.00% 0.00% 0.00%
Other 1.98% 0.00% 0.02% 0.66% 0.00%
Landfill 4.07% 65.10% 72.47% 42.62% 75.76%
Controlled Combustion 0.59% 14.90% 16.56% 3.73% 18.25%
TOTAL 100.00% 100.00% 100.00% 100.00% 100.00%
Note:
1The default distribution is based on the food waste management profile estinfamd “ Advanci ng Sustain

2015

F a ¢ S. BPA,2@L8Yith a minor refinement for military bases andrrectional facilitiesSectors to which ik default
distributionwasapplied include all institutional sectors, hotedports venuesand foodbanks

EPAdeveloped initial estimates of the quantity ekcess food antbod wasterouted to each management

pathway by applyingeache ct or

generated annually.

s percentage

di st

ri buti

on to

1In developing the initial waste management characterization, EPA refined the default distribution in two minor
institutional sectors. In the case of militaryd®s and correctional facilities, qualitative evidence suggested that

internal waste management policies may result in higher rates of composting and anaerobic digestion. Military bases

were assigned a composting rate of 25% and an anaerobic digestioofra¥%; correctional facilities were assigned a
composting rate of 15%.
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3.4.2 RevisedExcess FooandFood WasteManagementCharacterization

EPA built upon thseinitial estimatesusing additional data for certain management pathw&psd
donation,animal feed, caligestion/anaerobic digestion, and composting/aerobic proces$¢spA

estimates that in 2016, of thexcess food antbod waste generated in the industriagsidential,

commercial, and institutional sectors, just over one tharals landfilled gpproximately20% was sent to

animal feed approximatelyl1% was sent to codigestion/anaerobic digestion, apdraximately9% was
donated. The remaining management pathwagshaccountfor approximately 8% or lesd total food

waste managedTherevisedestimatedexcess food antbod waste management profile for 2016 is
summarized iMable5 and Figures. Table 48 (in Section 6.3: Appendix C) contains estimates of the amount

of food waste and excess food generated by each sector, and the amount managed by each management
pathway, per sector.

TABLB. ESTIMATES OF EXGESID AND FOOD WASMNAGED BASED ON IRED MANAGEMENT
PROFILE (2016)

ESTIMATED QUANTITFEXCESS
FOOD PERCENTAGE BEXCESS FOGIWOD
FRACTION MANAGEMENT PATHWAY, FOODFOOI(DTVOVG;TE MANAGEI WASTE MANAGED
Excess Food | Food Donation 8,675,167 8.7%
Animal Feed 20,447,709 204%
i i i 10.7%
nglggstlonAnaeroblc 10,691,756 0.7%
Digestion
CompostingAerobic 2069173 3.0%
Processes
Bio-based Materials/ 2.2%
Food Waste | Biochemical Processing 2,151,119
Land Application 8,472,542 8.5%
0,
SewerMWastewater 3,685,299 3.7%
Treatment
Landfill 35,425,617 354%
ControlledCombustion 7,526,909 7.5%
TOTAE 100,045,291 100.0%
Note:
1The total amount of food donated to food banks is estimatethé®,053,365. However, food banks are not able to distribut
100% of their food. EPA estimates that of the 9,053,365 188,198 tons ar@ot able to be distributed by food basknd
ultimately become food waste that managed through conventionadeans(landfilling, combustion, compostingnd anaerobic
digestion). Therefore, the 378,198 torisaccounted fotin the estimates fothose fourmanagemenpathways. SeeSection
3.4.2.6and 6.2.6for more information.
2Totalsdo not add up due to rounding.

RPEPA's initial excess food and food waste management
waste being managed by “ot her” nngsometdnpagelwagmanageddyu r v ey
“other” methods in the FWRA (2016) survey. However,
the “other” category and therefore did not wultimatel
characterizaibn.
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FIGURE. PERCENTAGE DISTRBVOF EXCESS FORND ROOD WASTE MANMERT(2016)
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The following sections provideanagement pathway descriptions as welhasre detail about the
derivation of these estimates.

3.4.2.1 Caodigestion/Anaerobic Digestion

Codigestionanaerobicdigestionb er eaf t er rAP ¥eatails teechredkdowd feod Wwaste by
bacteria in the absence of oxygémcreate biogagnd nutrientrich matter. This biogas can be useid
combustion to generate electricity and heat or can be processed into renewable natural gas and
transportation fuels. There are three major types of anaerobic digestion facilities:

1 Standalone digestersDigesters primarily built to manage food waste baih@ccept other organic
materials such as manure or wastewater solids.

1 Onfarm digestersDigesters located ogite in operating livestock farms. These digesters typically
process manureks P Aahadysis includes only eflarm digesters that also accept fdavaste.

1 Water resource recovery facility digester®igesters located avater resource recovery facilities
(i.e.,wastewater treatment planfs These digesters typically process biosoltl®, Aahadysis
includes only wier resource recovery facility digters that also accept food waste.

E P Aritial characterization of food waste management applied general econwsitly percentage
distributions of waste management to generation in each sector to estimate the quantity of food waste
managed through AD arather pathways3 To improve upon this approackBPAexplored available data

on AD facilities and the absolute quantity of food waste accepted. The literature search identified 27

8 The sources for these percentage distributions vary by management pathway. Most are taken from industry surveys
conducted by BSR and FWRA, which covered generator sectors such as manufacturing/processing, food
services/restaurants, and food retaillesale (BSR, 2013; BSR, 2014; FWRA, 2016).
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studies that discuss food waste managed by AD, but many of these studiestatieectly useful to
methods development. Some lack quantitative information on management quantities and rates, while
others provide point estimates of food waste managed by AD for a subset of generation sectors (e.qg.,
manufacturingprocessing.

Onlyonereport series authored by EPA, provides natianide food waste management estimates for AD.
In the latest reportEPA conducted a natiemide survey of AD facilities in the U.S. in 2018, the results of
which reflect 2016 data and were publishedSaptember2019(U.S. EPA, 2019€)f the 232 surveys
distributed to AD facilities, 134 were returned by operational facilities. Another 64tifzcire believed to
be operating, for a total of 198, resulting in a survey response rate of 67%he 134 facilitiesho
responded to the surveyl 26 facilities provided information about the amount of food waste they
processedThese facilities repogtl a total of 10.7 million tons of food waste managed by AD annually in
2016(U.S. EPA, 2019d)able6 summarizes the total quantity of food waste processed by digester type.

TABLEB. TOTAL QUANTITY OIOBONASTE PROCESSEDIBESTRETYPE (2016)

ocesteRTve | RERORTED QU
Standalone digesters 9,222,413
Onfarm digesters 154,789
\c;\i/;;i; er;essource recovery facility 1,314,554
TOTAL 10,691,756

EP A’ s ceonsidred ehich sectors are likely to have hauling contracts with AD facilitieasandhes

that food waste being managed by AD originates in all generator sectors, except the residential*sector

EPA assigndtie quantiies of food waste managed by Aeach generator sector in proportion to the

s e c tcontribuson to the overall food waste generation profile. For all generator sectors other than
manufacturingprocessing t he amount is netted out of tHore sect
manufacturingprocessing the analysis assumes that the AD quantity is netted out of the two largest
management pathways used by the sector (land application and animal feed), as well as from landfilling.

The quantity is netted out in proportion to the oitigl percentage distribution established for these three
management pathwaysSeeSction 3.4.2.3 Animal Feedor more information.

Theestimatesof food waste being managed by AD in 2@sumeé hat t he facilities r¢
survey provided accurate information on the quantity of food waste processetdall AD facilities in the

u. S. respond e;dherefare, theBsfimated feod waste guantities likely understate the total

guantity of food waste managed by AD in the U.S. lE@&&onduced its third annualAD surveyand will

publish its third reporin 2020 that will contaimlata forboth 2017 and 2018.

3.4.2.2 CompostingAerobic Processes

Food waste can be managed through compagterobic processes (hereafter referred to as
“ ¢ o mp o sintwhiohgéacheria break down organic materiabkygenrich environmentsThe resulting

4 EPA did not find sufficient data to determine what proportion of food waste being managed by AD came from the
residential sector, but it is assumed to be negligible.
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product is typically used as a soil amendment. Composting can range frorssalalbackyard composting
piles to large facilities composting thousands of tons of organic matter per year.

As with AD, the initial characterization of food waste management applied national percentage
distributions to generation to estimate the quantity of food waste compostecewh sectot® To refine

this approachEPAexplored the availability of data on composting facilities and the absolute quantity of
food waste accepted at those facilities. The literature search identified 85 studies that discuss food waste
managed by comgsting, but many of these studies are not directly useful to methods development. Some
studies lack quantitative informationnaguantities and ratesnanaged while others provide point

estimates of food waste managed by composting for a subset of genersgictors (e.g., retail).

Therefore, EPA usathta available through state environmental agency websites, published reports, and
reported v aSMB(@wluntarydata #ighmentsinitiativie and summed theeported food waste
composting tonnages from each stafehestate-reported data yields a total of 1.8 million tons of food

waste composted in 2016. EPA gathered information from 37 statesituiod extrapolate to account for

activity in the dher 13 statesor tribes and territoiesfor which data are not available. EPA also estirdate

guantity of mixed MSW that is composted annually (306,019 tons in 2008xed MSW compost iwhen
singlestreamMSW is collected and organics are sorted outpi@cesing at the composting facility
(Sullivan,2011) n t ot al , EPA’' s dat aset yibnethedesidetiall 5 mi | | i o
commercialand institutional sectorsomposted in 2016U.S. EPA, 20194)

These estimatedo notincludefood waste composted from various industrial sectors, suchf@sd
manufacturingprocessing To estimatefood waste composted from thidod manufacturingprocessing
sector,EPA usethe results of surveys conducted BER an&#WRA of food manufacturers around the
nation. These studies surveyed food manufacturers regarding their excess food and food waste
management practice£PAaveragel the percentage composting distributions from all the surveys
conducted in 2013, 2014, argD16 to capture variation in management practices across
manufacturingprocessingubsectors and apigld this average composting percentage to the estimated
guantity of food waste generated by food manufacturarsd processors 2016. Based othis analyss,
EPA estimates thdbod manufacturerand processorsomposted approximately 820,000 tons of food
waste in 2016.

EPA addethe estimate of food wasteomposted by food manufactureend processor§820,000 tonsjo
the state-reported composting estimge (2.15 million tons)to arrive at a natiorwide food waste
composting estimate of approximateByO million tonsn 2016.Table7 summarizes the resulting estimates
of food waste composi

TABLE. SUMMARY OF QUANTH (EFFOOD WASTE COMPOS2EIL®)

REPORTED REPORTED
STATE QUANTITY (TONS) STATE QUANTITY (TONY
Alabama 1 Missouri 16,000

% The sources for these percentage distiions vary by management pathway. Some pathways rely on percentage
distributions from theAdvancing Sustainable Materials Management: 2015 Fact §be8t EPA, 2018)hile others
rely on industrywide waste management surveys conducted.
16 Mixed MSW thats composted includes food and also Aimod waste.
1 This includes mixed MSW compost, which includes someomhwaste.
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quantiy rons]  STATE | quanmiTy (rong

Arizona 1,700 Nebraska 294
Arkansas 437 Nevada 17,083
California 277,000 New Hampshire 110
Colorado 97,835 New Jersey 17,413
Connecticut 1,082 New York 16,648
Delaware 2,125 North Carolina 84,502
Florida 167,425 Ohio 68,807
Georgia 552 Oregon 56,055
Hawaii 42,109 Pennsylvania 306,682
lllinois 277 Rhode Island 150
Indiana 961 South Carolina 10,157
Maine 2,853 Tennessee 138,884
Maryland 86,197 Texas 100,740
Massachusetts 166,000 Vermont 16,723
Michigan 9,395 Virginia 1,677
Minnesota 58,234 Washington 72,423
Mississippi 364 Wisconsin 5,053
Subtotal 1,843,949
Mixed MSW Compostidg 306,019
Subtotal 2,149,968
anutacrerdroseasors 819,205

TOTAL 2,969,173
Note:
Lincludes a small portion of neimod waste.

E P Ariitial approach in applying percentage distributions to each generation sextatted in a higher
estimate of bod waste compostedh 2016 but EPA ultimately used the estimate derived from state
reported values, as shown rable7. The net difference between the two estimates was distributed to
landfill and controlled combustion.

EPA’ s

est

mat e

does
guantities of food waste composted by states, tribaed territoriesthat do not report food waste

not

nclude backyard

compost.i

composting tonnages, so it likely understates the total quantity of food waste managed by composting in

2016.

3.4.2.3 Animal Feed

Certain types of food waste, including unsold retail food, residuals from food @epare.g., vegetable
trimmings), and postonsumer food waste, can be collected anepteposed as animal feed by heat
treating and dehydrating the food waste. This treated food waste can elitbenixed with dry feed or
directly fed to livestock (e.gchickens, cows, pigs, goats). The composition of food waste fed to animals
differs by animal and by U.S. state. For instance, rhaaed food waste cannot be fed to ruminants (e.qg.,
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cattle, sheep, goats, deer, elk and antelopes) under the Foodand Drug Adms t r at i on’ s BoVvi
Encephalopathy (BSE)/Ruminant Feed Ban @uted Leib et al., 2016Yleatbased food waste can be fed
to swine in some states; 16 states prohibit this practice.

The literature search identified a total of 19 studies ex@ng food waste managed by animal feed. Many
of these studies, however, are not directly useful to methods development. Some lack quantitative
information on management rates, while others apply management rates from older stidhés.
ultimately relied o asmall subset of three studies that involved original research (e.g., surveying food
waste generators}the 2013 and @14 BSR studies, and the 2016 FWRA stlidgse studies provide a
clear definition of animal feed that is based on feWStandard

These three studies determined the percentage of food waste managed by animal feed for the
manufacturingprocessingrestaurang/food servicesand retailwholesalesectors by surveying
establishments around the nation. The facilities included in the studies for each sector vary each year;
because the samples change, the studies are independent, all&#Atp incorporate all three data points
into average managememate estimates per sector. Averaging across the multiple surveys helps capture
variation in management practices across each sector.

Table8 details the percentage of food waste that each secagported managng by animal feed. As shown,
for the manufaturing processingector, the three animal feed management rates from the studies range
from 32.9%to 82.8%0with an average of 64%?*° The fraction of food waste that the retailholesale

sector manages as animal feed ranges from %itd 17.34 with an arerage of 14.2a2° Finally,
restaurantg¢food servicedivert a very small fraction, about 0.22to animal feed.

TABLB. PERCENTAGE OF FO@GBWE MANAGED AS AAIMFEED BY SECTORG(2

PERCENTAGE OF FOOASTE
SECTOR STupY VEAR MANAGED AS ANIMALHE

Food Waste Reduction Alliance 2016 32.9%

Manufacturing BSR 2014 82.4%
Processing BSR 2013 69.0%
AVERAGE 6149

Food Waste Reduction Alliance 2016 17.3%

RetaifWholesale BSR 2014 11.1%
AVERAGE 14.2%

RestaurantsFood Food Waste Reduction Alliance 2016 0.02%
Services BSR 2014 0.02%

¥ The sixteen states that prohibit feeding mdzdsed food waste to swine include: Alabama, Delaware, Idaho, lllinois,
Kansas, Kentky, Louisiana, Mississippi, Nebraska, North Dakota, Oregon, South Carolina, South Dakota, Texas,
Vermont, and Wisconsin.
1% The range ofood wastemanaged through animal feed is quite large as the cate be heavily influenced by the
food product types and manufacturing/processing processes of the facilities surveyed for a given year. For instance,
facilities that process vegetable products areljkto produce more organic waste, such as vegetable trimmings;
these operations are more likely to manage their food waste through animal feed when compared to operations that
process meat products.
20BSR included animal feed as a retail food waste mamagt pathway in its 2013 survey. However, the limited set
of pathways covered in the 2013 survey did not align with the more detailed set of pathways examined in subsequent
surveys, precluding an aver age a c llysisiorporatés onlytthe 8044 asdur v ey
2016 surveys in developing an average management distribution for the food retail/wholesale sector.
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PERCENTAGE OF FQASTE
SECTOR STuby TEAR MANAGED AS ANIMALHE
BSR 2013 Survey not conducted for sector
AVERAGE 0.02%

Note:
1This rate was revised when EPA revised the management pathway characterization. The findbadenafste going to
animal feed by the manufacturing/processing sector is 49.8%.

EPAinitially multiplied the average animal feed management rate for each sector by the estimated quantity
of food waste generated in 2016 for that sectbiowever,when EPA revised the management pathway
characterization due to revised AD estimates (see Section 3.£8digeson/Anaerobic Digestion EPA
assigned the quantities of food waste managed by
contribution to the overall food waste generation profileor themanufacturing/processingector, the

analysis assuntithat the AD quantity is netted out of the two largest management pathways used by the
sector (land application and animal feed), as well as from landfilling. The quaastyetted out in

proportion to the original percentage distribution established tloese three management pathways.
Therefore E P Aihasestimate for how much food waste was managed by animal feed by the
manufacturing/processing sect®49.8%differs from the percentagein Table 8.

As summarized imable9, 18.6million tonsof food wastewasestimated to bemanagedoy animal feed for
manufacturingprocessing1.8 million tons for retafivholesale, and 3,000 tons feestaurantsfood
servicesin 2016.The total food waste managed by animal feed in 2016 was approxinzZietynillion
tons.

TABLB. ESTIMATES OF FOOISWAMANAGED AS ANIMFEED BY SECTORG)20

SECTOR
RETAIL RESTAURANTEDOD
PARAMETER sERNERETEIR I exieE S ] WHOLESALE SERVICES TOTAL
Average Management Rate 49.3% 14.2% 0.02% N/A
Estimated Generation 37,813,294 12,583,676 16,886,535 67,283,505
Quantity (tons)
Total Quantity Managed by 18,642,450 1,802,205 3,054 20,447,709
Animal Feed (tons)
Note:
1Totals do not add up due to rounding.

Mostfood waste managed by animal feed originates from the food manufacturing sedi&.(%his trend

is consistent with the nature of food waste generated from thanufacturing/processingector. Food

waste diverted for animal feed must be free of packaging and, depending on the animal being fed,
separated by food type (e.g., mebased separated from vegetabesed food waste). Of tisethree

sectors, food wasteanerated from themanufacturing/processingector is likely to be free of packaging

and of a homogenous food type, making the food separation process physically easier and therefore less
costly.

E P Aestimatesof food waste managed by animal feeely on two keyassumptions and reflect a number
of data limitationsFirst, EPA assumeget survey data reported l3SR an#WRAcapture a representative
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sample of the universef establishment&nd form a reasonable basis for extrapolati®2cond, EPA
assumeghe respondents have accurately reported the rates of food waste managed by animal feed.
Finally,E P Aahadysis of food wastkeing managed bgnimal feed compiles estimates already presented
in the manufacturing/processingetailwholesalg andrestauants/food servicesector analyses. An

w othe Inuimber ofanimdkv e
thought to consume food waste, as well as estimates of the total food waste fed per animakEBpdid

alternat i-wp”,

not find such information readily available.

3.4.2.4 Sewer/Wastewater Treatment

Food waste is often sent down the sewer (with or without prior treatmentptigh the sewage conduit
systemor via haulerdor processing at wastewater treatment plants. The processed waste is then managed

€ btoit maotm o n

met hod

a

through landfill, incineration, compost, AD, or land application, the implications of which are discussed

later on in this seion. Typically, this waste originates from residential housing or commercial facilities.

As part of the residential food waste generation analysRAreviewed literature on residential food waste

disposerswhich are devices installed under a kitcharkghat shred food waste into small pieces that can

pass through plumbingOut of four studies that discussed wastewater treatment as a management

pathwayin the residential sectqrthree provided ratesf food waste managemerity food waste

disposers. Thetudies suggest that between 24 Johnston, 2013nd 34.446(InSinkErator, 2016)f all
residential food waste isent down thesewer via food waste disposers. Tiages of residential food waste

management by sewewastewater treatment examinelly EP/are presental in Tablel0.

These studies suggest that, on average, housetsgiddroughly 1860f their food wasteto

sewer/wastewater treatment vidood wastedisposers. Applied to total residential generation (aboutt24
million tons), thigesults in an estimate aibout3.7 million tons of food wastsent from the residential

sectorto sewerhvastewater treatmenin 2016

TABLHEO. RAES OF RESIDENTIADFF-@&/ASTE MANAGEMBYTSEWER/WASTEWATERATMENT (VIA

FOOD WASTE DISPOBERS6)

STUDY AUTHOR YEAR PERCENTAGE

Getting thePublic Tuned in toFood WasteReduction | Johnston 2013 1.5%

34.1% (Philadelphj&A

i ici 25% (Tacoma, WA

TheFood WasteDisposer as aunicipalTool for InSinlEator 2016 ( )
WasteDiversion: An evaluation iAve Gties! 27.3% (MilwaukegW)

34.4% (BostonMA)
The Household Use of Food Waste Disposal Units . 0
Waste Management Option: Review lacovidouet al. 2012 Range (7 to 18.7%)

7% (Nw York City, NY
EstimatingQuantities andTypes ofFood Waste at Natural Resources

. 2017 16% (Den

the Gty Level Defense CounciNRD¢ 0 6% (Denvercq

15% (Nashville, TN)

There are data limitations for the sewer/wastewater treatment management pathway. First, this estimate
is specific to the residential sector, so it may understate the total quantity of food waste managed by

21 The study had insufficient data for one of the five cities (Chicago).
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sewer/wastewater treatment as it does not includstimates fromany othersector (e.g., restaurantf®od
service$. EPA did not find studies that provided rates of food waste management by sewer/wastewater
treatment in theindustrial,commercia) or institutionalsector. Wastewater treatment plants uttiately

serve as an intermediate stage where food waste is treated ba&aehing its final destination. These final
destinations typically includendfill, controlled combustionland application, composting, a#d.

However, the amount of food waste estimated to be sent down the drain to sewer/wastewater treatment
is not reflected in any of the other management pathwaasd is therefore not being double counted

3.4.2.5 Biobased Materials/Biochemical Processing and Lappliéation

Bio-based materials/biochemical processing converts material into industrial products. Examples include
creating fibers for packaging material, creating
materials such as leather or feathers (efgr,pillows), and rendering fat, oil, or grease into a raw material

to make products such as soaps, biodiesel, or cosmetics. Land application is the spreading, spraying,
injecting, or incorporating organic material onto or below the surface of the lamshb@ance soil quality.
EPA’ s |iterature search did not reveal any systen
based materials/biochemical processing, land applicatiwimther minor management pathways. The

literature search identified 14 stlies that discussed food waste managed byliased

materials/biochemical processing, five studies that discussed food waste managed by land application, and
three studies that discussed food managed by other means (e.g., feaskfes-processing). Howeve

these studies are not directly useful to methods development as most lack comprehensive quantitative
information on management quantities and rates.

Sincebio-based materials/biochemical processing and land application managegpagmivays likely

accourt for minor quantities of food wastézPA appliethe estimates developed in the initial generation
studies. All the estimatesere developed by applying the results of food waste management surveys
conducted by BSR in 2013 and 2014, and by-iMRAN 2016%2. Averaging across the surveys provides, for
example, the average percent of retaiholesalerfood waste routed to land application. Multiplying the
average percentages by total 2016 generationdachsector yields an estimate of the total food wast
managed vidhese twopathways. As showrin Tablell, theresulting estimates are about 2.2 million tons
going tobio-based materials/biochemical processjrmd 8.5 million tons going to land application. The
estimated amountare relatively minor, except in the casefobd waste from the
manufacturing/processingectormanaged through land application.

22While FWRA (2016) did ask survey respondanteport tonnage of food waste managed by any other means

besides the FLW Standard destinations, it did not report what methods survey respondents were referring to as

“ot her Because there is no dat a av aeder, BPAdiénowntlodathe wh at

proportion of food waste reported to be managed by “ot
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TABLEL ESTIMATES OF FOOLSVEAMANAGED VIA BBEBSED MATERIALS/BIGMIHCAL PROCESSING
AND LAND APPLICAT(@NNL6)

GENERATION SECTOR
RESTAURANTY TOTAL FOOD
MAS;;Q;SE‘S‘G RETAIL | WHOLESALE|  FOOD WASTE TO
SERVICES | MANAGEMENT|
TotalE Food artbod PATHWAY
otalExcess Food aribo
X . 37,813,294 8,681,999 3,901,677 16,886,535 (TONS)
Waste Generatioiftons)
Percent of food waste routed
o bio-based . 0.9% 4.4% 4.4% 7.5% 2,151,119
materials/biochemical
processing
Percent of f(.)Od. waste routed 1. 7% 21% 2 1% i 8,472,542
to land application

3.4.2.6 Food Donation

Unspoiled excess food can be collected and redistributed to those in need through food pantries, food
banks and other food rescue prografig.his analysis examines food donation asamagemenpathway
for excess foo&!

E P Aiterature search identified a total of 39 studies examining excess food managed through food
donation. Many of these studies, however, are not directly useful to methods development because they
lack quantitative information on management rates and/opbpmanagement rates from earlier studies.

ThereforeEP A’ s e st i nisaptinaodlynbaseceon & datdset from Feeding Ametlea)argest
domestic hunger reliebrganization with a nationwide network of more than 200 food banks. Feeding
America sectes food from corporate manufacturers, retailers, and produce suppliers nationwide; stores
excess food temporarily in warehouses; and then distributes the excess food to families and individuals
through food assistance agencies such as soup kitchens, gogtmior centers, shelters, and food
pantries.

The Feeding America dataset details food rescue data F#@014 for 203 food bank@eeding America,

2015) Feeding America provided data for food baoksarious sizem all 50 states. As a result, it is

inclusive and likely captures the inherent excess food management variation associated with diverse excess
food donation, demand, and operations management practices.

The Feeding America data provide the total quantity of food receatexhch food bankor donation as
well as the quantity of donated food thatas disposed of due to spoilage, expiration, or other quality and
safety considerationf~eeding America, 2015jeeding America also noted that 6%6f the food received

23To the extent thathis exces$ood is notable to besuccessfully distributed, food banks themselaes also (minor)
generatorsof food waste Food waste generated by food banks is detailed in Section 6.2.6.
22EPA defkcesafeatl faal thatis donated to feed people.
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for donation is food that therwise would have been thrown away (i.e., the remaining @&5bfood
received for donation is food originally purchased for the sole purpose of food donétion).

Based on the provided dat&PAdeveloped the following approach to estinegbtal excessdod donated
to food banks

1 EPAcalculatad the total quantity ofexcess foodeceivedby food banksthat would have otherwise
been thrown awaypy the establishments donating the fodaoljt which was instead donated to
Feeding Americaandthen develod an estimate of excess food managed per food bank
establishmeng®

1 EPAhen multipied excess foodeceived per food banky the total number of food bank
establishments nationwide (1,263) to estimate total excess food managed through food donation.
The number of food banks is based on data available from Hooweesearch company that
provides information on companies aimtustries?”

As a result, based on the most recently available data from Feeding America and recent food bank
establishment data, excess food managed by donatidiood banksvas approximately 9 million tons in
2016.Tablel2 details the calculations and corresponding estimates.

TABLHEZ2. EXCESS FOOD MANABEBOOD DONATION

SCOPE PARAMETER QUANTITY SOURCE
. Feeding America,
Food received (tons) 2,156,243 eeding America
2015
Percentage of food received that is food that wou Feeding America,
. 67.5%
otherwise been thrown away 2017
Feeding America Net quantity of excess food donated (tons) 1,455,133 Calculated
Number of Feeding America locatiom®viding Feeding America,
203
excess food data 2015
E f fi k f
xcess food donated per food bank (tons/food 7168 Calculated
bank)
Total number of food banks nationwide (NAICS 1,263 Hoovers, 2017
National 624210)
Total quantity of excess food managed Iigod Extrapolation
. 9,053,365 .
donation (tons} calculation
Note:
1Totals do not add up due to rounding.
2This includes an estimated 378,198 tons of food that is not able to be distributed by food banks and is ultimately ma
as food waste. For more detail on food waste generated by food bank§esg®n 6.2.6

25 Feeding America (2017) reports that 3.3 billion pounds of food were rescoedgoing to waste (see page 6).
Feeding America confirmed that of 4.89 billion Ibs of food received by Feeding America, 3.3 billion Ibs (i.e., 67.5%)
were rescued (L. Baldridge, personal communication, July 2, 2018).
26 EPA did not include data from thedd Donation Connection to avoid doubteunting. The Food Donation
Connection supplies excess food to many organizations, including some Feeding America food banks. The Food
Donation Connection noted that their partners donated 30,674 tons of excessfide@il7.
’Food banks are |isted under the NAICS code 624210. Th
indicate that 4,660 establishments exist in NAICS 624210, Community Food Services. However, these data include
food shelters, pantries, ahother organizations that distribute food originally routed through food bahlgovers
splits out Community Food Services into more granularcaibgories, one of which includes food bankkerefore,
EPA only includes the 1,263 food banks, and excltidesther organizations, in order to avoid double counting.
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Theestimates ofexcess fooananaged by donation to food banksly on several key assumptions:

i The data reported by Feeding America capture a representative sample of the food donation
universe and-eeding America food banks aremparable in size to other food banksrming a
reasmable basis for extrapolation.

1 Feeding America accurately reported the quantity of excess food donated

1 The quantity of direct local, informal donations (e.g., food donated directly to a locabfaak) is
negligible in comparison to the quantity of foathnaged by Feeding America and food banks
nationwide.

1 Any packaging included in the excess food tonnageived by food bank&ported by Feeding
America is significantly lower in comparison to the overall quantity of excess food managed and is
therefore negligible.

3.4.2.7 Landfill and Controlled Combustion

As discussed in Section 3.4.1, EPA's initial excess food and food waste nmamiaggthway

characterization resulted in estimates of percent of food waste managed by various management
pathways, including landfill and combustion. EPA built upon these initial estimates using additional data for
certain management pathways (food doiat, animal feed, AD, and composting/aerobic processes). The
revised estimates for composting/aerobic processes and AD resulted in changes to the initial
characterization of the proportion of food waste managed by landfill and combustion. See Sectiari 3.4.
and 3.4.2.2. As a result, total food waste estimated to be managed by controlled combustion in 2016 was
7.5 million tons and total food waste estimated to be semlandfill in 2016 was 34.5 million tons. For

more detailed estimates, see Section 6Appendix C, whichontains estimates of the amount of food

waste and excess food generated by each sector, and the amount managed by each management pathway,
per sector.

3.5 Summaryof SectorSpecific Generation and Managemdtatimates

Based on Ed®nethadolagy BERARStimates that just over 100 million torexoéss food and
food waste were generated in the industriedsidential, commercial, anidstitutional sectors in 2016. The
industrial (i.e.manufacturing/processingsector accounts for alub 38% and the residential sector
accounts for about 25% of total generation. The largest generator in the commszctaris
restaurantsfood services, which accowfor about 17% of generatigrand the largest generator in the
institutional sector ioffice buildings, which accounts for 4% of generation.

Each of these generator sectors manage tleetess food antbod wase in a variety of ways. Figur@s
through13d epi ct how mu c éxcessffoodeandddod veasmestimated ® be managed by
each pathwayTable 48 (in Section 6.3: Appendix C) contains estimates of the amount of food waste and
excess food generated by each sector, and the amount managed by each management pathway, per
sedor.

The industrial sector, which is comprised of f@wl beveragenanufacturersand processorsvas
estimated to generate 37.8 million tons excess food and food waste 2016.About half (49%) ahe
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manufacturing/processing e ¢ tewrcess feod antbod wastewas managed by animal feed, 22% by land
application, 14% by AD, with smaller proportions managed by other methods. Food
manufacturing/processingndustries are unique from the other sectors EPA analyzed in the methods they
use to manage their fud waste and excess food. Figardepicts the proportion othe
manufacturing/processing e c texcess fsod and food wasteanaged by each pathway.

FIGURE. MANUFACTURING/PRESSING SECTOR EXGESB AND FOOD WASRAGEMENT
PFOFILE (2016)

Controlled Combustion
Landfill
Sewer/Wastewater Treatment
Land Application
Bio-based Materials/Biochemical Processing
Composting/Aerobic Processes
Codigestion/Anaerobic Digestion
Animal Feed
Food Donation

0 5,000,000 10,000,000 15,000,000 20,000,000
Tons

The residential sector, which includes single family and rfartily dwellings, was estimated to generate

24.6 million tons of food waste. The majority (67%) of this food waste was landfiiétlwas combusted,

and 15% was sent to sewer/sewater treatment. Only 3% was composté&igure8 depicts the
proportion of the residential sector’s food waste

FIGURB. RESIDENTIAL SECHOBD WASTE MANAGEMEPROFILE (2016)

Controlled Combustion
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The commercial sector includésod retaifwholesale(supermarkets, supercenters, and food wholesale)
and hospitality Kestaurants/food serviceshotels, and sports venues). The faethil/wholesalesector was
estimated to generate 12.6 million tons ekcess food and food was{8.7 million tons from supermarkets
and supercenters, and 3.9 million tons from food wholesaéput one third (31%) of #hfood
retail/wholesales e c¢ tewrcess feod and food wasteas landfilled, about one quarter (24%) was dted,
14% was sent to animal feed, 14% was sent to AD, and smaller proportions were managed by other

methods.Figure9 depicts the proportion of the foodetail/wholesales e c texcess feod and food waste
managed by each pathway.

FIGURE. FOOD RETAIL/WHOAHES SECTOR EXCES® RDID FOOD WASTENMGEMENT PROFILE
(2016)
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The hospitality sector was estimated to generate 18.0 million torexoéss food and food waste
Restaurantstbod services accounts for 16.9 million tons, or 94%, oetteess food and food waste
generakd in the hospitality sectgihotels account for 1.1 million tons and sports venues account for
approximately 38,000 ton#ialf of theexcess food and food wastgnerated in the hospitality sector was
landfilled, 17% was donated, 14% was sent to AD, and smaller proportions were managed by other

methods.Figurel0d epi ct s t he propor t i excessdobd andfad wastammagetd al i t vy

by each pathway.
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FIGUREO. HOSPITALITY SECERBESS FOOD ANDIFRASTE MANAGEMENROFILE (2016)
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The institutional sector includes hospitals, nursing homes, military institutions, office buildorgsstional

facilities colleges and universities, andlR schools. The institutional sector was estinthii® generate 7.0

million tons of food waste. @€e buildings account for 4.0 million tons, or 57%, of the food &vast

generated in the institutional sector;-X2 schools account fdr.1 million tons anall other sectorsaccount

for less than one million tons each. About two thirds (67%) of the focstengenerated in the institutional

sector was landfilled, 16% was combusted, 14% was sent to AD, and 3% was confpigstetll depicts

the proportion of the institutional sector’'s food

FIGUREL INSITUTIONAL SECTORBWASTE MANAGEMBNROFILE (2016)
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Food banks are also a minor generator or food waste, because they receive excess food that is unfit for
distribution due to damage, spoiling, and other reasons. Food banks were estimated to generate about
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378,000 tons of food wast&.About two thirds (67%)f the food waste generated in food banks was
landfilled, 16% was combusted, 14% was sent to AD, and 3% was compogtedl 2 depicts the
proportion of food banks’' food waste managed by

FIGURE2. FOOD BANK FOOD STE MANAGEMENT PREK2016)

Controlled Combustion
Landfill
Sewer/Wastewater Treatment
Land Application
Bio-based Materials/Biochemical Processing
Composting/Aerobic Processe$§
Codigestion/Anaerobic Digestion
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Figurel3depicts the flows oéxcess food and food wasteom each sector to each management pathway
and gives an overall view of haxcess food and food waske handled in the industrial, residential,
commercial and ingiutional sectors.

28This tonnage is already accounted for in the excess food and food waste generated in the industrial and commercial
sectors, because establishments in those sectors donate excess food tathbdaks (i.e., 378,198 tons of the
excess food that is donated to food banks ends up becoming food waste).
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FIGURES. FLOW OF INDUSTRRESIDENTIAL, COMMBRCAND INSTITUTINEXCESS FOOD AND
FOOD WASTE TO VARIRMANAGEMENT PATHWAX016)
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4 Integration of Enhanced Methodaly intoE P A"’ Fsa ¢ t Feguresn d
Report?

EPA publishes estimates of food waste generation and management annualtfyifRissct s and Fi gu
R e p owhicH presens estimates of generation, recycling, composting, combustion with energy recovery,

and landfillingof MSW or trash.(See Section 2 for a description of the food measurement methodology
used t o d“&dctsand RiguresFR&goEMSW is comprised of various items consumers throw

away. These items include packaging, food, yard trimmings, furniture, electronissatideappliances.

Sources of MSW include residential waste, including waste from-fauiily housing, as well as waste from
commercial and institutional locations, such as businesses, schools and hodf¥sdoes not include

industrial, hazardous or ostruction and demolition wast@J.S. EPA, 2019b)

EPA’s enhanced food measurement methodol ogy expan
efforts reflected in theFactsand Figures Repostby including

1 industrial sources of food wastee., foodand beveragenanufacturingprocessing;
9 additional commerciahnd institutionalgeneratorsof excess food antbod waste €.g, office
buildings, military bases, sports venutsd banksand certain classes of retailersnd
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1 several new maagement pathways foexcess food and food was(e.g.,animal feed, biebased
materials/biochemical processing,-digestion/anaerobic digestion, donation, land application,
and sewer/wastewater treatment

There are three maireasons why the enhanced itih@dologyresultsin higher estimates of food waste
than EPA’ s prirthef Bast esanthaFegures Report?’

1. EPA' s enhanced methodol ogy uses more recent st
these studies result in higher generatitactors.

2. EPA's e nhanc e dincmasaddibiahal gepegator sectors (i.e., NAICS codes) that
generate excess faband food waste.

3. EPA” s enhanced meewedal cggdi nicbmale smanagement
measurement methodology that has beenusedforthE act s and Midgeur es Repo
measures food waste at the point it is ready to be managedbyriaditional MSW system (i.e.,
composting, landfilling, and combustion), which excludes food that is donated to feed people, used
to feed animals, sent down the drain, or managed by other methods. Therefore, excess food and
food waste that was managed Inyethods other than composting, landfilling, and combustion
would not necessarily have been captured on ¢t}
estimates.

EPA will use thenhanced measurement methodologyith one exceptionto derive updatel estimates of

excess food and food waste generation and management fofthea ct s an d FBtartmgiwite s Re p-
the 2018 estimates, whichre anticipated tobe published in late 2020’ he exception is the industrial

sector(i.e., food manufacturing/grcessing)which will not be includedinttt Fact s and Fi gur e
While the food manufacturing/processing sectsan important component of the entire food systein,

willnotbei ncl uded i fH FBERBA'ss aann bacdyse industal BErgesoof waste are out

of the scopeof the report Theefore,the* Fact s and wiligcludeexsessRoediand faod

waste generatiorestimatesfor the residential, commercial and institutional sectpand estimates of how
muchexcess food and food wasiemanagel by the following pathways: animal feed, Hased
materials/biochemical processing,-digestion/anaerobic digestion, composting/aerobic pesses,

controlled combustion, donatidf, land application, landfill, and sewer/wastewater treatment

EPA compared th2016food waste estimates publishedintheFact s and RiSgHPA 2®l9%Re p o
with the 2016 estimatesleveloped using the enlm@ed methodobgy (excluding the
manufacturing/processingector) As show in Tablel3and Figurel4, for 2016,the enhanced

methodology results in an estimate 62.23 milliontons ofexcess food and food wasgeneratedin the

22 Food donation is different from the other management pathways, in that it is the only one that routes excess food
to be redistributed to peoplgas opposed to sending food waste to facilities that turn the material into animal feed,
energy, or compost, for example). However, it is important to capture this pathway Htetsand Figures Repoft
as it is a common practice for many sectors offib@d system, and after source reduction it is the best use of edible
food (see EPA’s Food Recovery Himamagemenfogd/ffoodarecoverns : / /| www. e
hierarchy). Therefore, EPA will include the estimates of excess food donateddtbdoés along with the other
management pathways in it§~actsand Figures Repoft
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residential,commercialand institutional sectorscompared to40.31million tons of food waste generated
FULSgHPA, 231 98Receptimatds tihe portion offood waste that
was sehmto landfill are similar35.43 million tons using the enhanced methodolpgympared to 30.68

inthe2016“ Fact s and

milliontonsinthe Fact s

and

FUL.SgHEPA, 2194R thep2d.92tmillion tons difference

between the two generation estimates for the residentimmmercialand institutonal sectors, the
majority (18.54 million tons, or about 85%) was managed by methods other than composting, controlled

combustion, and landfillThis is due to the fact thahe” Fact s

and

meéthpdology soulReop o r t 7

necessarily have capturezkess food and food wasten the generation side that was managed by
methods other than composting, landfilling, and combustias discussed above

TABLH3./ hat ! wL{ hb !'HhG &C!D/| WIESTIMATESWTHEENKEED METHODOLOGY
ESTIMATES FOR THERENTIAL, COMMERCKHND INSTITUTIONSECTORS (EXCLUNESS$TRIAL

SECTOR) (2016)

2016a C! / ¢ { I b 59 tCH. VD 2016 ENHANCED METHOIDGY
MANAGEMENT PATHWAY (MILLION TONS) (MILLION TONS)
Composting 2.15 2.15
ControlledCombustion 7.48 7.35
Landfill 30.68 34.19
Other Management Pathways N/A 18.54
TOTAL 40.31 62.23

FIGURE4. COMPARISON OF 26PCTANDFIGURES ESTIMATEBHAR2016 ENHANCED TWODOLOGY
ESTIMATES FOR THERENTIAL, COMMERCKHND INSTITUTIONSECTORS (EXCLUNESS$TRIAL

SECTOR)
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6 Appendices

6.1 Appendix AGlossary of Terms

Animal FeedDiverting material from the food supply chain (directly or after processing) to dsima
(excludes crops intentionally grown for bioenergy, animal feed, seed, or industria(Eeeyl Loss and
Waste Protocol, n.d.)

Bio-based Materials / Biochemical Processirgonverting material into industrial products. Examples

include creating fibers for packaging material, creating bioplastics (e.g., polylactic acid), making
“traditional” materials such as | eat hegreaemof eat he
raw material to make products such as soaps, biod
refer to anaerobic digestion or production of bioethanol through fermentat{®ood Loss and Waste

Protocol, n.d.)

Codigestion/anaerobidigestion: Breaking down material via bacteria in the absence of oxygen. This
process generates biogas and nutrigith matter. Codigestion refers to the simultaneous anaerobic
digestion of food loss and waste and other organic material in one dig8dter destination includes
fermentation (converting carbohydratessuch as glucose, fructose, and sucresé microbes into

alcohols in the absence of oxygen to create products such as biofii@s)l Loss and Waste Protocol, n.d.)
Often referreditco dagesanan” or “AD".

Composting/aerobic processe8reaking down material via bacteria in oxygé#h environments.
Composting refers to the production of organic material (via aerobic processes) that can be used as a soll
amendment (Food Loss and/aste Protocol, n.dpf t en referred to as simply

Controlled combustion Sending material to a facility that is specifically designed for combustion in a
controlled manner, which may include some form of energy recovery (this may alsoebedetfo as
incineration) (Food Loss and Waste Protocol, n.d.)

Excess foodfood that is donated to feed people.

Food Any substance-whether processed, senirocessed, or raw-that is intended for human
consumption. “Food” i ncthatlthebeendsed imthe marafactuireany subst
preparation, or treatment of food. “Food” also in
fit for human consumption. It does not include cosmetics, tobacco, or substances used only as drugs. It

does not include processing agents used along the food supply chain, for example, water to clean or cook

raw materials in factories or at homg@rood Loss and Waste Protocol, n.d.)

Food donation collection and redistribution of unspoiled excess foodeted peoplethrough food
pantries, food banks and other food rescue programs.

Food lossunused product from the agricultural sector, such as unharvested crops.

Food wastefood such as plate waste (i.e., food that has been served but not eaten), spoilecbfquekls
and rinds considered inedible.

Land ApplicationSpreading, spraying, injecting, or incorporating organic material onto or below the
surface of the land to enhance soil qualififood Loss and Waste Protocol, n.d.)
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Landfilk Sending material to an area of land or an excavated site that is specifically designed and built to
receive wastegFood Loss and Waste Protocol, n.d.)

Sewer/wastewater treatment Sending material down the sewer (with or without prior treatment),
including that which may go to a facility designed to treat wastewaféood Loss and Waste Protocol, n.d.)

Wasted food food that was not used for its intended purpose and is managed in a variety of ways, such as
donation to feed people, creation of animal feembmposting, anaerobic digestion, or sending to landfills or
combustion facilities. Examples include unsold food from retail stores; plate waste, uneaten prepared food,
or kitchen trimmings from restaurants, cafeterias, and households; @rbgiucts fromfood and beverage
processing facilities.

6.2 Appendix B: Food Waste Generation By Sector

This Appendix reviews analytic methods for estimafowp waste generation in industriakesidential,
commercialandinstitutional sectors Specificallygach section

1 Reviews the recommended approach, citing key literature used in developing a genéaatimn
and other parameters;

1 Presents 2016°food waste generation estimate for the sectand
9 Discusses data limitations.
6.2.1 FoodManufacturing/Processin§ector

EPA’' s enhanced thmbltolwinggeneratog factotdios feod waste in the food
manufacturing/processiri§sector:

1 0.095 Ibs/sales dollar/year applied to food and beveragmufacturing/processingector sales.

This metric is based on a series of national food waste surveys of food manufacturers. Using the 2016
estimate of foodnanufacturing/processingector sales, the estimate of food waste generated from the
food manufacturing/processingector is:

1 37.8million tons per year reflecting 2016 generation.

The following section providamore detail about the derivation of this estimate and other methods
considered.

6.2.1.1 Analytic Methods foFoodManufacturing/Processingood Waste Generation

Food manufacturing and processing involves transforming raw ingredients into marketablarfdod
beverageproducts that can be easily prepared and served by the consumer. Food waste can occur due to
operational inefficiencies or from standard food procegsoperations (e.g., corn husks from producing
canned corn). The methods for estimating food waste generation from fieacufacturing/processing

30 Most data are from 2016, but there are some exceptions where 2016 data were not available.

S'EPA includes beverage manufactur’erssecitnort.h eNo“tfeo otdh anmia nbue

included in the definition of food (see Section 6.1 for a Glossary of Terms).
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facilities define the sector consistent wiAICS®odes 311 (food manufacturing) and 3121 (beverage
manufactuing), with some exceptions as described later in this section.

The literature search identified a total of 55 studies examining food waste generation at tharidod
beveragemanufacturing/processingvel. Many of these studies, however, are not direaggful to
methods development as some lack quantitative information on generdtiotors while others apply
generationfactors from earlier studiesThe methods EPA choaee based on a relatively small subset of
seven studies that involved original reseh (e.g., surveying food manufacturgysicessors odirectly
measuring food waste generated from a sample of food manufact(mersessors.

EPAinitially consideed three differentmethods from theseven studies, as summarizedTiablel4:

1 Method 1 is built on three studies that allow consideration of the quantity of food waste generated
per dollar of annual sales revenue in the faodnufacturing/processingector. The 2013 and 2014
studies were developed by BSR for FWRA, while the 20di¢ stas published with FWRA as the
author. These three studies are heavily cited in other food waste analyses (see NRDC, 2017; Garcia
Garcia, 2016Rethink Food Waste Through Economics and [Re&ERD 2016).

1 Method 2 is built on two studies that estimatiee annual quantity of food waste generated per
food manufacturing/processingstablishment. These two studies are also widely cited (see Hodge,
2016; South Carolin@epartment of Commercé®Og, 2015).

1 Method 3 is built on measurements of the quantiti/food waste generated per industry
employee, as reported in two studies.

TABLE4. FOOD MANUFACTURINRBICESSING EXCESSFO0OD WASTE GENHRNTFACTORS

GENERATION FACT( GENERATION
METHOD SOURCE YEAR UNIT FACTOR
FWRA 2016 Lbs/sales $/ear 0.17
Method 1 BSR 2014 Lbs/sales $/ear 0.053
BSR 2013 Lbs/sales $/ear 0.062
AVERAGE 0.095
MasschusettsDEP 2002 Lbs/establishment/yar 367,038
Method 2 (Not - - b
Used) ConnecticutDEP 2001 Lbs/establishment/yar 1,358,179
AVERAGE 862,608
CalRecycle 2015 Lbs/employee/year 1,692
Method 3 (Not y Poyeery
Used) Metro Vancouver 2015 Lbs/employee/year 1,618
AVERAGE 1,655

The studies in Method 1 estimategtneration factos by surveying food manufacturers around the nation.
Depending on the year of the survey, the surveyed manufacturers represent anywhere betwéen 6.2
17%of the national foodnanufacturing/processinmdustry, based on sales. The
manufacturing/processingacilities included in the studies vary each yeacéduse the samples change, the
studies are independent, allowing incorpaiat of all three data points into the averaggeneration factor
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estimate®2 As shown, the thregeneration factoestimates from the studies range from 0.053 to 0.17 lbs
per dollar d annual industry sales revenue, with an average of 0%9%5e FWRANdABSR studies provide
a clear definition of food waste that is based on #eéN Standard.

In contrast, the studies in Method 2 estimatgdneration factos at a state level by surveyj food
manufacturers in Massachusetts and Connecticut, while the studies in Method 3 estigexietation

factors at a city level by directly measuring food waste generated from a sample of food manufacturers in
select areas in California (e.g., the Bagastal, Mountain, Southern, and Central Valley areas) and Metro
Vancouver.

EPAmultipliedthe generationfactos f or each met hod by the relevant
sales) to estimate totaxcess foodbod waste generated in the foattanufacturing/processingector.

The annual sales and employee figures for Method 1 and Method 3 are provided by the U.S. Census Bureau
in its Annual Survey of Manufacturers (ASM). The annual number ofrf@rdifacturing/processing
establishments for Methd 2 is provided by a foashanufacturing/processinmdustry report conducted

annually by Hoovers. The primary NAICS codes incorporated into these metrics are 311 (food
manufacturing) and 3121 (beverage manufacturing). Several detailed manufacturingsssret@xcluded

from the totals, however, including animal food manufacturing (NAICS 311111 and 311119), bottled water
manufacturing (312112), and ice manufacturing (312113). The underlying rational for this adjustment is
that these manufacturing sectorseanot engaged in production of food for human consumption (in the

case of the animal food sectors) or are unlikely to generate food waste at all (in the case of the water and
ice sectors). This adjustment has a relatively minor impact on the estimatasthatethe excluded sectors
represent less thaB%of sales, and an even smaller share of employment and establishments.

As summarized ifablel5, Method 1 yields a excess foodbod waste generation estimate of 38.6 million
tons*; Method 2 yields an estiate of 39.7 million tons; and Method 3 yields an estimate of 1.3 million
tons.

TABLHES. FOOD MANUFACTURINRSICESSING EXCESSHFOOD WASTE GENBRNTESTIMATES

METHOD PARAMETER ESTIMATE UNITS SOURCE
Method 1 | AverageGenerationFactor 0.095 Lbs/sales $/year Average

32 Unlike some other sectors, EPA did not weight the Method 1 studies in developing an average generation rate. The
three sources are relativelgcent and national in scope, and are therefore given equal weight.

33BSR (2014) explicitly reports the generatfastor on page 10 of the study. In contrast, FWMRA16)and BSR (2013)

do not explicitly report generatiofactors however, generatiofiactors can be calculated from the survey findings
described in the studies. FWR2016)identifies 10.6 billion pounds of food waste from nine survey respondents. The
reported sales figure is $55.8 billion, but that figure covers only eight of the ningiéac{bne facility did not report
data).EPAadjuskd for this missing sales information by estimating the average sales for the eight facilities reporting,
and then multiplying by all nine facilities. Hence, the calculation is: 10.6 billion Ibs/((H®©6/8)*9) = 0.17. BSR

(2013) reports neither a generatidactor nor survey data totals for waste generation. Instead, it reports national

waste generation figures extrapolated from the survey data. @BR3)states that survey respondents representa7

of all facilities nationwide. Henc&PAestimated waste generation for survey respondents by multiplying the
extrapolated national figure (44.3 billion pounds) by 0.17 to yield a waste generation estimate of 7.53 billion pounds.
Dividing this figurebyite r espondents’ sales revenue ($122 billion)
billion = 0.062.

34 This estimate was ultimately adjusted. See explanation at the end of this section.

41



METHOD PARAMETER ESTIMATE UNITS SOURCE
U.S. Census Bureau, 2016
Annual Survey of
Metric Estimate $814,033,997,000 | Sales, 2016 Manufacturerg®, NAICS 311
and 3121 (excluding 311111,
311119, 312112, 312113)
Annual Generation Quantity 38,578,587 Tons Product gfgeneratlon factor
and metric value
Ngmber of stuqles (N) with 3 Number
originalgeneration factos
AverageGenerationFactor 862,608 )If;z/restabllshment/ Average
Metric Estimate 91,994 Establishments, 201€ DandB Hooyers. food
Method 2 manufacturing industry report
(Not Used) Annual Generation Quantity 39,677,393 Tons Product gfgeneratlon factor
and metric value
Ngmber of studps (N) with 5 Number
originalgeneration factos
AverageGenerationFactor 1,655 Lbs/employeel/year | Average
U.S. Census Bureau, 2016
Annual Survey of
Metric Estimate 1,510,433 Employees, 2016 Manufacturers, NAICS 311 an
Method 3 3121 (excluding 311111,
(Not Used) 311119, 312112, 312113)
AnnualGeneration Quantity 1,250,080 Tons Product Qfgeneratlon factor
and metric value
Ngmber of studps (N) with 5 Number
originalgeneration factos
Note:
1 The final estimate is slightly lowe34,813,2940ns), due to an adjustment that was made to exclude a portion that was
reported to be managed by “other” met hods. See explan
section.

Based on a review ofEPAcaehoshethod lutalegtimatefaodal yti ¢ ri gor ,
manufacturingprocessingsector food waste generatiofPA considered the following in choosing Method
1

1 The rate at which specific food manufacturipgpcessingestablshments generatexcess food and
food waste varies widely with the type of food being produced and the processes used. For
instance, a food manufacturing process for cream of corn soup is likely to produce more food waste
(in the form of corn husks and hs) than a process that produces frozen string beans. Method 1
surveyed food manufacturefigrocessorsacross the nation and across multiple kinds of food types
manufactured. As a result, it is inclusive and more likely captures the inherent food waste
gereration variation associated with diverse food manufactufiimgcessingpractices and food

types.

35The 2016 Census of Manufacturers Data can be accessed at

https://www.census.gov/data/tables/2016/econ/asm/201&sm.htm| Searches for individual NAICS codes are most

easilypef or med t hrough the Census Bureau’'s American Fact F

(https://factfinder.census.gov/faces/nav/jsf/pages/index.xhiml usi ng t he “advanced searc
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https://www.census.gov/data/tables/2016/econ/asm/2016-asm.html
https://factfinder.census.gov/faces/nav/jsf/pages/index.xhtml

T The annual generation quantity estimated usi nc¢
estimated generation quantities only differed By While Method 2may capture a reasonable
degree of variation through the underlying statewide survey approaches used in Massachusetts
Department of Environmental ConservatidDER (2002)and Connecticubepartment of
Environmental ConservatiqibER (2001) Method 2was not ultimately selected as its underlying
dataset is olde?® Production efficiency changes in the last decade may have altered (reduced)
waste generation rates in the competitive food manufactufprgcessorsector. In addition,
Method 2 does not reflet the broad geographic scale that Method 1 has, and may therefore be
less representative of national practices.

1 EPAalsochose not to appyvethod 3for the following reasongFirst, the distribution of food
manufacturergprocessorssampled is geographitia narrow and focused on urban areas; it is
therefore less likely to represent average national conditions. Furthermore, the studies were
conducted in cities that already were implementing food waste landfill bans around the time of
data collection. Foowaste landfill bans often motivate organizations to prevent food waste
generation, resulting in lower food waste quantities generated. Therefore, the studies may not be
representative of food manufacturers nationwide.

1 Finally, the Method 1 studies adhere & clearer definition of food waste relative to the other
studies. Specifically, the FWBAdBSR studies align with the FISfandard providing an added
degree of confidence in the estimategneration factos 3’

Not that this estimate was ultimately agsted. TheFWRA2016)study, which was used for management

pathway distribution for the manufacturing/processing sectsked survey respondents report food

waste managedby a variety of methods (i.e., the FLW Standard destinations), including aadtch “ ot her
categoryThe study did not report what met hodswhenurvey
they reported tonnage in that categorecause there is rinformation available about whamanagement
methodswer e used to manage tonnag&PAddpainclugedhei n t he *
proportion of food waste reported to be managed ‘tyther” methods As a result, based on the selected
generation factoof 0.095 Ibs/sales dollar/year and ti#®16estimate of food manufacturing sector sales,
adjusted to exclude the proportibythe of food waste
manufacturing/processing sector HWVRA (216), 9 t ! etitnate ofexcess foodfood waste generated

from the food manufacturing sectoin 2016is 37.8 million tons per year.

Key Assumptions and Limitations
The generation estimates for this sector rely on two key assumptions:

1 The survey data reported by FWRA and BSR capture a representative sample of the universe and
form a reasonable basis for extrapolation.

36 Note that whie BSR and thEWRAthe two organizations that led the surveys in Method 1, caution against using
survey results for national food waste extrapolati&@® Astill used their data for extrapolation as our extrapolated
results are corroborated with other rolsti methods.
SFor example, see page 9 of FWRA (2016) which defines
cooked, which is discarded, or intended or required to be discarded. Food waste includes the organic residues (such as
carrot or pdato peels) generated by the processing, handling, storage, sale, preparation, cooking, and serving of
food."”
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1 Respondents have accurately reported the generation of and management of altdtaded
waste streams.

6.2.2 Residential &ctor

EPA’ s e nhanc gdgultairethetotodiag 201§ gstimate of food waste generated from the
residential sector:

1 246 million tons per yearof food waste from the residential sector.
The following section providamore detail about the derivann of this estimate.
6.2.2.1 Analytic Methods foResidential Food Waste Generation

The residential sector is the largest source of food waste in the United $f@edood manufacturing
Nationatevel studies have estimated that about%0f total food waste is generated by the residential
sector (ReFED, 2016RDC, 2017Food can be wastegrior to consumption, during meal preparation, or
postconsumption from plate waste.

The literature search identified a total of 93 studies exangrfbod waste generation at the residential

level. Many of these studies, however, are not directly useful for methods development. Some lack
guantitative information orgeneration factos, while others applgeneration factos from earlier studies.

The mehods EPA developeate based on a subset of 14 studies that involved original research (e.g., direct
analysis of household food waste).

EPA originally considerddree differentgeneration factos applied in the 14 studies, as summarized in
Tablelé6:

1 Method 1 is built on four studies that estimate the quantity of food waste generated per
household, per year in the residential sectét).S EPA20160, NRD@2017) and InSinkrator
(2016)surveyed and conducted bin digs at households in cities atiessountry. CalRecycle
(2015)examined waste composition from residences in five regions across the state of California.

1 Method 2 relies on estimates of the percentage of total residential MSW that is food waste. Seven
studies estimate this percentage.

1 Method 3 is built on three studigbat are widely citedhat estimate the annual quantity of food
waste generated per capita in the residential sector.

TABLHEG. RESIDENTIAL FOOD WAGENERATION FACGSTOR

GENERADN GENERATION FACTOH
METHOD SOURCE YEAR FACTOR UNIT STUDY TYPE

CalRecycle 2015 380 Lbghousehold/year Waste Audit

Method 1 Selfreported waste

U.S. EPA 2016b 241 Lbghousehold/year .
measurement, photo diary

38 A study by Schott et al. (2013) examined waste composition in ten different municipalities in Sweden, and the 2017
WRAP report estimated food wte generation in the United Kingdom. While the findings reported in these studies
(400 Ibs/household/year and 248 pounds/capita/year, respectively) generally are consistent with U.S. evidence, EPA
excluded them because of their focus on communities oetsice U.S.
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GENERADN GENERATION FACTOH
METHOD SOURCE YEAR FACTOR UNIT STUDY TYPE
NRDC 2017 277 Lbshousehold/year Kitchen diaryselfreported
survey, hin dig
InSinl&rator 2016 464 Lbghousehold/year Selfreported Survey
Vermont DEC 2013 16.7 % of total sector waste Waste audit
King County, WA 2009 5.8 % of total sector waste Waste audit
lowaDNR 2011 13.6 % oftotal sector waste Waste audit
Montgomery ©unty, .
Method 2 MD 2013 20.4 % of total sector waste Waste audit
City of San Diego 2014 20.1 % of total sector waste Waste audit
Seattle Public Utilities 2014 29.55 % of total sector waste Waste audit
Boulder Food Rescue 2016 13.1 % of total sector waste Data analysis, sefeported
survey
Method 3 BuzbyandHyman 2012 273 Lbdgcapita/year Data analysis
(Not Used) Buzby et al. 2014 290 Lbdcapita/year Data analysis
FAO 2011 231 Lbdgcapita/year Data analysis

Most of the studies conducted for the residential sector estimate food waste generation by conducting
waste audits at a sample of households in the study area; several studies gathered these data threugh self
reported surveys. The studies examined for tasidential sector span a number of cities and counties

across the Northeast, midtlantic, Midwest, and West; few studies were conducted in Southern states. In
addition, San Francisco and Seattle adopted residential food waste bans in 2009 and 20X5iyvedgpe

While none of the studies in this analysis examined food waste in these two citiebgmshe reduction

in household waste should certainly be taken into consideration for ford@oling food waste

projections.

The studies in Method 1 estirted generation factors between 241 and 462 pounds per household per
year. The low estimate comes fradthS.EPA2016b, which examined residential food waste in eleven
cities/counties throughout the country. The average of these generation factors isc24ilg per

household per year. The high estimate was derived from IiE&itdr, a manufacturer of food waste

dispo®rs InSinkgator sampled a total of 380 households across four cities to measure the total amount of
food waste generated per household wiimd without the use of a food wastiisposer(InSinkErator,

2016) The average generation factor estimated by this study, for households that did not use food waste
dispo®rs was 464 pounds per household per year. The remaining studies, produced byyClal@ed

NRDC, estimated residential food waste generation at 380 and 277 pounds per household per year,
respectively®®

The studies in Method 2 measure household food waste as a percentage of total household solid waste. All
but one of the estimates are derived from househo

39The NRDC and U.S. EPA studies provide a clear definition of food waste that is based on the FLW Standard.
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was directly sorted and measured. The estimagsge from 5.86in King County, Washington, to 29%5
in Seattle propef®

Method 2 includes an adjustment to account for the fact that households with food waste disposers divert
a fraction of food waste to these systems. Because the estimates citegim#thod were primarily

generated from bin digs or waste audits, they do not account for food waste already diverfieattovaste
disposersThe analysis adds a%®ncrement to the residential food waste estimates in Method 2,
consistent with the 1%sewer/wastewater treatment diversion rate @stated for the residential sector

EPAalso considered a parapita method of estimating total residential sector food waste generation,

referred to as Method 3. Three studies examined food waste generated en@apita basis. Two of these
studies,BuzbyandHyman(2012 andBuzby et al(2014) use data from thdJSDAE R S’ sdrids Fnhich
categorizes food losses at the primary production, retail, and consumer levels. In these studies, the

consumer level is not synonymous with the residential level. Instead it includes residential food waste, as

well as food waste generated egstaurants, schools, and other institutions. The third study in this method,
conducted bythe Food and Agriculture Organization of the United Nati@#50Q, calculates global food

waste generation based on USDA’' s gasstmptioastEstnatesind F A
this category ranged from 230 to 290 pounds per capita per year. Because residential food waste is
considered at the overall ®“consumer” |l evel and ca
excluded from the oveall analysis. Nevertheless, the LAFA data serve as a general point of comparison for

our generation estimates.

EPA multipliedhe generation factors for each method by the relevant extrapolation basis (total number of
households in the U.S. or total resiatial MSW in the U.S.) to estimate total food waste generated in the
residential sector.

1 Theextrapolation basisised in Method 1 is calculated annually by the U.S. Census B&dad ' s
analysis uses the Census Bureau’'s 2016 esti mat

1 For Method 2, a diy percapita MSWyenerationrate of 4.44 pounds per persdar residential,
commercial, and institutional sources is provide®i® A’ s“ R&cdtds and HRiSgur es K
EPA, 2016. To isolate the share of residential MSW within this overall 4.4shgdqer person per
day generation figure, it is multiplied by 51 percent, the average share of MSW associated with
residential householdd .S EEPA, 2013). The resulting rate2@pounds per person per day, is
multiplied by the total U.S. population andaded to the annual level (i.e., multiplied by 365),
providing annual nationwide residential MSW generation. This national estimate of residential
MSW is multiplied by the food waste generation factor (percent of MSW that is food waste) to
estimate nationafood waste generation.

Tablel7 summarizes the resulting food waste generation estimates. Each figure was extrapolated to a total
annual generation quantity (in millions of tons per year), and collectively averaged (i.e., each study is given
equal weight).

401t is important to consider whether food waste is measured as a standalone waste category, or whether it is
considered as a componenf organic waste. Organic waste is often defined to include-fiomad wastes such as yard
waste and norrecyclable paper. Studies that do not report the specific breakout of food waste within the larger
category of organic waste were excluded from thislgsia.
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TABLHE7. RESIDENTIAL FOOD WAGENERATION ESTIEE\

FOOD
GENERATIO WASTE
GENERATION BASIS FOR
METHOD SOURCE YEAR FACTOR GENERATIOI|
FACTOR UNIT EXTRAPOLATIO| (MILLION
TONS/YEAR]
CalRecycle 2015 380 23.91
US. EPA 2016b 241 Pounds per | 125,819,000 15.13
Method 1 household households
NRDC 2017 277 per year (2016 estimate) 17.43
InSinkErator 2016 464 29.19
Vermont DEC 2013 16.7 25.85
King County, WA 2009 5.8 8.98
Percent of
lowaDNR 2011 13.6 total 2.26 pounds of 21.05
residential MSW
Method 2 | Montgomery County, MD | 2013 20.4 household generation per 31.58
City of San Diego 2014 20.1 MSW that is capita per day 31.11
—— food waste
Seattle Public Utilities 2014 29.55 45.74
Boulder Food Rescue 2016 131 20.28
AVERAGE 24.55

9t !

Key Assumptions and Limitations

Qa

S &fdbd Wastaigbnera¢® fromthe residential sector in 2016 24.6 million tons

The generation estimates for this sector are subject to the following assumptionsaaedts:

1 EPA assumes that the households surveyed capture a representative sample of the universe and

form a reasonable basis for extrapolation, that respondents have accurately reported the
generation and management of their foadlated waste streams, ahthat results can be

extrapolated across geographies (i.e., residential food waste in California is comparable to
residential food waste in Florida).

1 None of the studies examined in this analysis were conducted for cities or states with active food
waste bans in place at the time of study. In 2009, San Francisco passed a residential food waste
ban, and in 2015, Seattle followed suit. While the populations of these two cities are a small
percentage of the total residential population in the Unitedt&sa future food waste bans in the

residential sector may impact food waste generatio

6.2.3 Retail Wholesale Sector

EPA" s

e n h a n ¢ gedultgnretheHototviag 201§syimates of excess foodbod waste generated

from the foodretail/wholesalesector:

1 12.6million tons per yearfor the retail and wholesale sector in totakeflecting 2016 generation
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The following section provides more detail about therivation of this estimate and other methods
considered.

6.2.3.1 Analytic Methods for RetailWholesale Food Waste Generation

Thefood retaif wholesalesector includeseveral groups iNAICSNAICS codes 4451 (grocery staed
convenience storgs4452 (specialty food stores), and 45291 (warehouse clubs and supercenters) comprise
the retail/wholesalesector. NAICS codes 4244 (grocery and related product merchant wholesalers)
comprise the wholesale sector. A full list of tigdigit NAICS codes encompassed in each sector is

provided in the sections below.

6.2.3.1.1 Analytic Methods foRetail Food Waste Generation

The food retail sector accounts for a substantial share of food waste generated in the United States. A 2012
assessmeny BSR found that of all food waste framdustrial,residential,commercial, andnstitutional

sources, 1%originates from the food retail sectoE P Aiterature search identified 54 studies examining

food waste generation among food retailers. Manythi#se studies, however, are not directly useful for
methods development. Some lack quantitative informationgemeration factos, while others apply

generation factos from earlier studie€e P Aéecemmended methods are based on a subset of eight

studies that involved original research (e.g., direct analysis of facility food waste).

In the relevantretail sectoditerature, several studies provide separafeneration factos forsupercenters
andsupermarketdi.e., other types of retail food stores}upercenters are defined as large retail
establishments that sell a complete line of grocery merchandise in addition tgromery goods.
Supercenters include bigox stores, such as Whlart and waehouse clubs such as BJs and Costco.
Supermarkets and supercenters exhibit different characteristics regarding the sale of food. Most notably,
supercenters often sell food items in bulk and at a lower unit price relative to supermalk&tgniethods
usethe literature on supercenters to develop a separate estimate of food waste, ihtblenadded to
supermarkets to obtain an estimate for the overall retail sector.

E P Adod retailfood waste generatiomethodologydraws on three different extrapolatiobases applied
in the literature, as summarized Trablel8:

1 Method 1 is built on five studies that estimate the quantity of food waste generated per employee,
per year in the food retail sector. Within this method, four studies examined food waste diemera
at supermarkets and two examined food waste generation at supercenteiRéSallg2006)
examined both). CRlecyclg2006), C&tecyclg2015), and the North Carolina Department of
Environment and Natural Resources (now known as North Carolina DegartdfEnvironmental
Quiality)(2012)conducted audits of food retail sector wasteConnecticut DEP (20Q1)
Mecklenburg Countf2012) Okazaki et a(2008) and ReFE[R2016)collected data through a series
of surveys and interviews with store managers and other experts.

0 The studies in Method 1 estimated generation factors between 0.27 and 2.32 tons per
employee per year. The low estimate was reported byR€eyclg2006), wlich sampled
waste at bigbox retail stores. Another low estimate, 0.5 tons per employee per year, was

“Nort h Car wsgedifin estimate was pravided by a North Carolina hauler who collected segregated food
waste from a major grocery chain.
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reported by ReFER016) who interviewed supercenters to estimate food waste per
employee. It is noteworthy that the lowest two estimates apply to supeters. To
generate a peemployee food waste estimate, total food waste at supercenters was
divided among all employees (rather than just grocery department employees) at the
supercenter. The application of this estimate to total employees for each sijeaxplain
the relatively lowgeneration factofound in supercenters.

o The higher supermarket estimates were provided byR€ayclg2006) and Mecklenburg
County(2012) who conducted waste audits at supermarkets.

1 Method 2 relies on two studies that estate the quantity of food waste generated per
establishment per year, relying upon Okazztkal. (2008)and North Carolin®epartment of
Environment and Natural Resourd®&ENR[2012),separately estimates generatioadtorsfor
convenience stores and garmarkets. Estimates range from 83 tons/establishment/year (for
convenience stores) to 117 tons/establishment/year (for supermarkets).

1 Method 3 draws on one study that quantifies food waste generated on a revenue B&§ts(2014)
collected industry gemation data through a series of surveys targeted at large food retailers and
estimated this metric to be 10 pounds of food waste (0.005 tons) per thousand dollars of company

revenue.

Tablel8 summarizes the methods, associated literature sources, antlyfheeof establishment
sampled for each study.

TABLHES8. FOOD RETAIL EXCEEHEXO0OD WASTE GEANHRN FACTORS

METHOD URCE YEAR GEFI\LECR;A(\)TRI)OI\ GENERS'I,\'IIﬁN FACT ESTA—E\I(_;SEHMEN STUDY TYP
CalRecycle 2006 231 Tons/employeelyear | Supermarket Waste Audit
Mecklenburg County 2012 2.32 Tons/employeelyear | Supermarket Survey
CalRecycle 2015 2.02 Tons/employeelyear | Supermarket Waste Audit

Method 1 Connecticut DEP 2001 15 Tons/employeelyear | Supermarket Survey
CaRecycle 2006 0.27 Tons/employeel/year | Supercenter Waste Audit
ReFED 2016 0.5 Tons/employee/year | Supercenter g:?\:\éi;w/
Okazaki etl. 2008 114.6 ;g;'rs/ establishment/ :Fe)(t;:iilf_ie’\(;m Survey

Method 2 | North CarolindENR 2012 117 ;’;)er/establishment/ Supermarket Waste Audit
North CarolinddENR | 2012 83 ;g;'rs/ establishment/ gg:‘éenience Waste Audit

Method 3 | BSR 2014 0.005 tTh‘;rLS‘S ;‘:}‘;dsswrzit:é e Ssgi'i'ﬁgft Survey

EPA multipliedhe generation factors for each method by the relevant extrapolation basis to estimate total
food waste generated in the residential sector. Method 1 is based on the number of food retail employees

in the United States, while Method 2 is based on the namidif food retail establishments in the United
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States. Data on both extrapolation bases are avai
Patterns (CBP) datas¢fsCBP datare updated annuallyandclassify the number of establishments,

number ofemployees, and annual payroll of U.S. business establishments by NAICSFaomtkretail
establishments are classified as supermarkets or supercenters according to thkfitsBkAICS codes.

1 The analysis defines supermarkets based on the followinG8labdes:
445110- Supermarkets and other grocery (except convenience stores)
445120- Convenience stores
445210- Meat markets
445220- Fish and seafood markets
445230- Fruit and vegetable markets
445291- Baked goods stores
445292- Confectionary and utt stores
0 445299- All other specialty food stores
1 Supercenters align with NAICS code 452910, warehouse clubs and supercenters.

O O 0O O O o0 o

Tablel9 presents the number of establishments and employees for each relevant NAICS code.

TABLHEO9. FOOD RETAIL ESTABUENTS AND EMPLOYNIBY NAICS CODE

NAICS NUMBER OF PERCENT| NUMBER OFf PERCENT
CODE NallGeiEolp i SsoTIo ESTABLISHMENT| OF TOTAL| EMPLOYEEY OF TOTAL
Supermarkets and Other Grocery (except 0 0
445110 | Convenience) Stores 65,399 55.0% 2,690,541 89.4%
445120 | Convenience Stores 29,988 25.2% 139,306 4.6%
445210 | Meat Markets 5,279 4.4% 42,802 1.4%
445220 | Fish andSeafood Markets 2,067 1.7% 12,114 0.4%
445230 | Fruit and Vegetable Markets 2,777 2.3% 20,691 0.7%
445291 | Baked Goods Stores 3,531 3.0% 28,173 0.9%
445292 | Confectionery and Nut Stores 3,430 2.9% 24,297 0.8%
445299 | All Other Specialty Food Stores 6,358 5.4% 50,912 1.7%
TOTAL Supermarkets 118,829 100% 3,008,836 100%
452910 | Warehouse Clubs and Supercenters 5,601 100% 1,556,821 100%

42 United States Census Bureau. April 2018. County Business Patterns. Availpdléwww.census.gov/programs
surveys/cbp.html

43EPA also considered the use of two other datasets for this extrapolation. Progressive Grocer, a grocery industry
association, publishes an annual estimate ofustry sales and establishments. However, these data are not as easily
accessible as Census data and may contain analytic biases. The Census also publishes the SUSB dataset, which is
updated every five years. While the SUSB data are very similar to thea&BRfhe CBP data are updated annually and
are therefore preferable.
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Method 3 uses the annual U.S. Census estimafearnf-related retail trade sales as its extrapolation bdsis.
Sales under NAICS codes 4451 and 4452 (which fully encompassdigit $0AICS codes used in Method
1) totaled $647.6 billion in 2016.

Table20 summarizes the resultingxcess foodbod waste generation estimates. Each figure was
extrapolated to a total annual generation quantity (in millions of tons per year). National generation figures
for supermarkets and supercenters were averaged separately and summed to yield avgidet@simate

(i.e., each study was given equal weight).

44 United States Census Bureau. March 2018. Annual Retail Trade Survey: 2016. Available:
https://www .census.gov/data/tables/2016/econ/arts/annugagport.html
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TABLRO0. FOOD RETAIL EXCEEEXH-O0OD WASTE GENHRN ESTIMATES

EXCESS
METHO GENERATION GENERATIO BASIS FOR Fov?li/;(')EOD ESTABLISH
SECTOR D SOURCE TEAR FACTOR FACTORINIT EiZngZGL GENERATION MENT TYPE
(TONS/YEAR]
1
CaIRecycIe 2006 2.31 6,957,933 Supermarket
Mecklenburg | 5512 2.32 Tond 3,008,836 | 6,980,500
Method | County Supermarket
employeé employees
1 CalRecycle 2015 2.02 year in 2016 6,077,849 | Supermarket
Connecticut
DEP 2001 15 4,513,254 Supermarket
Super Okazakietl. | 2008 114.6 118.829 13,622,585 | F00d Retai-
Tong ey Not Specified
markets | Method 117 establishment| ESBPISIM 7715 962 903
2 North Carolina 2012 Iyear entsin i iuperm_arket
DENR 83 2016 9,862,807 onvenience
Store
Method Tong $678 billion
3 BSR 2014 0.005 thousand $ revenue in 3,237,805 | Food Retait
revenue 2016 Not Specified
Supermarket Average Generation 8,144,466 | supermarkets
Method CaIRecycIe 2006 0.27 Tong 1,556,821 412,558 Supercenter
Super employeé employees
centers 1 ReFED 2016 0.5 year in 2016 778,411 Supercenter
Supercenter Average Generation 595,484 Supercenters
FOOD RETAIL AVERAGENERATION 8,739,956 | Food Retail
Notes:
1Figures may not sum due to rounding.
2The final estimate is slightly lowe8,681,99%0ns), due to an adjustment that was made to exclude a portion ¥ reported
to be managed b 8eeeéxplanatienratthe mrel bftths destion.

Overall, this method yieldseexcess foodbod waste generation estimate 8f739,950ons from the
food retail sector based on data from 20However, he Food Waste Reduction Alliande//RA(2016)
study, which was used for management pathway distribution for the retail/wholesale sexdked
survey respondents report food waste managebly a variety of methods (i.e., the FLW Standard
destinations), inelding a catcta | |
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6.2.3.1.2 Analytic Metholds for Wolesale Food Waste Generation

The wholesale sectaells food to consumeevel operations, such as restaurants and retalil
supermarkets’® According to NRDC (2017), food wholesalers and distributors accoukffof total
food waste generation. The literature search identified 22 studies examining fasttwgeneration
among food wholesalers. Many of these studies, however, are not directly useful for methods
development. Some lack quantitative information generation factos, while others applgeneration
factors from earlier studies. Two studies cowmtled byCalRecycldefined the wholesale sector broadly,
grouping food wholesalers with other naturable wholesalers such as apparel and chemicals. Given
that these other nordurables differ greatly from food in their waste generation patterns, the aiglys
excludes the two QRecyclestudies. Thereforel: P Ariethods are based on a subset of three studies
that focused on food wholesale and involved original research (e.g., direct analysis of facility food
waste).

E P A’ swhdlesatedood waste generatianethodologyrelies on two differenggeneration factos
applied in the three studies, as summarized able21:

1 Method 1 relies on three studies that estimate the quantity of food waste generated per
establishment per year. Okazagtial. (2008 andU.SEPA Region (2011)present estimates of
94 and 147 tons per establishment per year, respectivel$. EPA Region (@011)was an
updateto Massachusetts DEP (2002).

1 Method 2 is built on a study that quantifies food waste generated on a revenue B&$s.
(2014)collected industry generation data through a series of surveys targeted at large food
retailers and estimated this metric to be 10 pounds of food waste (0.005 tons) per thousand
dollars of company revenue.

Table21 summarizes the methods andsaiated literature sources for each study.

TABLR1. FOOD WHOLESALE ERCE®OD/FOOD WASTERERATION FACTORS

GENERATION GENERATION FACTOI
METHOD SOURCE YEAR FACTOR UNIT STUDY TYPE
Method 1 Okazaki eatl. 2008 94.4 Tons/establishment/ year| Survey
U.SEEPA Region 1 2011 147 Tons/establishment/ year| Data analysis
Method 2 | BSR 2014 0.005 Tons food waste/ Survey
thousand $ revenue

EPAmultiplied the generation factors for each method by the relevant extrapolation basis to estimate
total food waste generated in the wholesale sector. Method 1 is based on the number of wholesale
establishments in the United States. Data on this extrapolation basiavailable from CBP dataséts.

4 As EPAlefinesit, this sector does not include warehouse clubs, such as Costco, that sell goods at the consumer
l evel and are reflected in the retail “supercenter
46 .S. Census Bureau. April 2018. County Business Patterns. Avhitalstéwww.census.gov/programs

surveys/cbp.html

c al
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As noted, these annual data classify the number of establishments, number of employees, and annual

payroll of U.S. business establishments by NAICS code.

1 Food vholesaleencompasses the following NAICS codes:
0 424410, Genal Line Grocery Merchant Wholesalers;

O OO OO O o0 Oo

424420, Packaged Frozen Food Merchant Wholesalers;
424430, Dairy Product Merchant Wholesalers;
424440, Poultry and Poultry Product Merchant Wholesalers;
424450, Confectionary Merchant Wholesalers;
424460, Fish an8eafood Merchant Wholesalers;
424470, Meat and Meat Product Merchant Wholesalers;

424480, Fresh Fruit and Vegetable Merchant Wholesalers;

424490; Other Grocery and Related Products Merchant Wholesalers.

Table22 presents the number of establishments for each NAICS code listed above.

TABLER2. FOOD WHOLESALEABETSHMENTS BY NATOSE

S| ncomrron | ppoeer T ren
424410 | General Line Grocery Merchant Wholesalers 3,041 8.6%
424420 | packaged Frozen Food Merchant Wholesalers 3,164 8.9%
424430 \I/sz?:g/;zgfsct (except Dried or Canned) Merchan 2,066 5.8%
424440 | poultry and Poultry Product Merchant Wholesale 457 1.3%
424450 | confectionery Merchant Wholesalers 3,662 10.3%
424460 | Fish and Seafood Merchant Wholesalers 2,176 6.1%
424470 | Meat and Meat Product Merchaiwholesalers 2,320 6.6%
424480 | Fresh Fruit and Vegetable Merchant Wholesalers 4,811 13.6%
424490 \C/)Vt:slré(;rdoecrzry and Related Products Merchant 13,689 38.7%
TOTAL 35,386 100%

For Method 2, the analysis uses data from the U.S. Ceftbiadesale Trade Data Report, which is
updated monthly. Wholesale sal

2017%

Table23 summarizes the resulting food waste generation estimates. Each figure was extrapolated to a

es under

NAI

CS

code

total annualgeneration quantity (in millions of tons per year), and collectively averaged (i.e., each study
is given equal weight).

47U.S. Census Bureau. June 2018. Monthly Wholesale Trade. Available:
https://www.census.gov/wholesale/index.html
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TABLR3. FOOD WHOLESALE EXEGEXOD/FOOD WASTRERATION ESTIMATE

EXCESS
FOODFOOD
GENERATION GENERATION BASIS FOR
METHOD SOURCE YEAR WASTE
FACTOR FACTORINIT EXTRAPOLATION GENERATION
(TONSNEAR
Okazaki et al. 2008 94.4 Tond establishme 35,386 3,338,943
Method 1 ) establishments in
U.SEPA Region 1 2011 147 nt/year 2016 5,201,742
Method 2 | BSR 2014 0.005 Tongthousand $ $648 billion revenue 3,242,475
revenue in 2017
AVERAGE GENERATION 3,927,720
Note:
1The final estimate is slightly lower (3,901,677 tons), due to an adjustment that was made to exclude a portion that wes te e
managed by “other” methods.

Overall, this method yields an excess food/food waste generation estimate of 3,927, 2fidonthe

food wholesale sector based on data from 2016 and 26ibivever, he FWRA2016)study, which was

used for management pathway distribution for the retail/wholesale sector, asked survey respondents to
report food waste managed by a variety of thetls (i.e., the FLW Standard destinations), including a

catchal | “ot her” category. The study did not report
as “other” when they reported tonnage in that cat
about what management met hods were used to manage
did not include the proportion of food waste repo

based on the methods above, adjusted to exclude the propomnf food waste reported to be managed
by ot her means by t heR0ussmdy,8s 808 SEGAYE iBSn2Fh8ED
food/food waste generated from the wholesale sector in 2016 is 3.9 million (3,901,677) .tons

Key Assumptions antdimitations

The generation estimates for the wholesale and retail sectors are subject to several important caveats
and assumptions:

1 None of the studies examined in this analysis were conducted for cities or states with active
food waste bans in place #te time of study Implementation of these policies will likely be
gradual, but will certainly influence the future pattern of food waste generation and
management.

1 The aggregate extrapolation to supermarkets is based on employees and establishments at a
range of retail operations, including convenience stores, meat markets, and other retailers. The
literature primarily focuses on conventional supermarkets (although one study considers
convenience stores). The analysis implicitly assumes that food wasteagiem patterns are
similar across this set of establishments. This assumption may bias the estimates, but the
direction of the bias is unclear.
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6.2.4 Hospitality Sectors

This section presentanalytic methods for estimating excess fétmbd waste associated thi the
hospitalitysectorsof the food system. The specific sectors include the following:

1 Restaurantsfdod services;
i Hotels and other accommodations; and
9 Sports venues (i.e., stadiums).

Table24 summarizes the findings for the hospitalggctors As show, E P Arethods yield an estimate
of approximately 18 million tons per year for all hospitality sectors combined, wéktaurantsfood
services accounting f@most94%of the total.

TABLER4. SUMMARY OF EXCES®SD/FOOD WASTE GEANHON ESTIMATES HORBPITALITY
SECTORS

EXCESS FOOD/FOOD WAS
SECTOR GENERATION
(TONSYEAR)
RestaurantsFoodServices 16,886,535
Hotels 1,114,411
SportsVenues 38,088
TOTAL HOSPITALITY 18,038,634

6.2.4.1 Restaurantsfood Services

E P Arethods for estimatingxcess foodbod waste generation fromestaurantfood service

establishments incorporate data consistent with sev&AICS code$Specificallyie P Aahadysis

encompasses the two largest classes of eateriedl-service establishments (722511) and limited

service establishments (722513). The analysis also includes several other classes of food service
establishments thatan generatdood waste including cafeterias, grill buffets, and buffets (722514);

snack and nonalcoholic beverage bars (722515); mobile food services (722330) such as food trucks; and
caterers (722320E P Aahadysis excludes NAICS 722410 (drinking places for alcoholic beveardies),
comprises bars serving little or no food, as well as 722310 (food service contragtors).

6.2.4.1.1 AnalyticMethods forRestaurantsfood Services Food Waste Generation

The literature search identified a total of 49 studies that addess=ess foodbod waste generation in
restaurantfood service settings. Many of these studies, however, do not provide directly useful
generation data. Some lack quantitative informationgemeration factors, while others apply
generation factors derived from earlier studi€sSP Agengration estimate is based on a subset of eight

48 NAICS 722310, food service contractors, consists of establishments engaged in providing food services at
institutional, governmental, commercial, ordastrial locations-including schools, hospitals, and sports venues.
EPA considers the food waste generated by food service contractors in the sectors for which they are providing
services.
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studies that either involved original research (e.g., sorting/analysis of facility waste) or which present
foundation estimates that are widely cited in the broader literature.

E P Aestaurantfood serviceggeneration methodologgirectly averages the results of eight estimates
that areorganized into three extrapolation methods:

1 Extrapolation Method 1is builton measurements that quantify the amount of food waste
generated perestaurantfood service employee per year. Three studies offer original estimates
of this generation factor. Massachusett&EP (2002)pdated byU.S EPA Region 1 in 2011, was
widely cited (sedRecyclingWorkMassachusetts, 2013; Mercer, 2013; South Carolina
Department of Commerce, 261lamong others). While widely applied, the generation factors in
Massachusetts BPare built on original research dewgled in the 1990s; it is therefore critical
to supplement this data point with information from other studies. Both @eRecycl€2006)
and CalRecycle (2015) studies are more recent and use waste sampling techniques to estimate
of food waste generation.

1 Extrapolation Method 2employs an estimation approach based on tons of food waste per
establishmenper year. The literature search identified four distinct estimates of food waste
generation using this metric. The highest estimate comes thS1IEPA Rgion 1(2011), which
is anupdate ofMassachusetts BP (2002)andestimates that 43 tons pegstablishmentre
generated per year. The lowest value from this set of studies came from North CarBf D
(2012, which estimated a food waste generation f@acof 32 tons peestablishmenper year at
full-service establishments.

9 Extrapolation Method 3uses an estimation approach based on tons of food waste per thousand
dollars of company revenue. BE®14)provided an estimate of this metric, 33 pounds obd
waste per thousand dollars of company revenue.

Table25 summarizes the methods, the associated literature sources, and the type of establishment
sampled for each study.
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TABLE5. RESTAURANTS/FOODVEEERS EXCHEEBOD/FOOD WASTE GREANHON FACTORS

company revenue

GENERATION GENERATION FACTOHR
METHOD SOURCE YEAR FACTOR UNIT ESTABLISHMENT T
3,392 for fult .
. Fultservice and
service . .
CalRecycle 2006 > 4941 Pownds/employedyear limited service
I or estimated separately
limited-service
Method 1 —
Massachusetts DEP 2002 3,000 Poundéemployedyear Unspecified
Fultservice and
CalRecycle 2015 2,760 Poundgemployedyear limited-service
estimated together
U.SEEPA Region 1 2011 43 Tors/establishmentyear Unspecified
Method 2 Okazaket al. 2008 38.8 Tors/establishmentyear Unspecified
North CarolindDENR 2012 32 Tongestablishmentyear Fultservice only
Battelle 2015 42.7 Tongestablishmentyear Fultservice only
Method 3 | BSR 2014 33 Poundsthousand $ in Unspecified

To estimate annual nationwide generation, the recommended method combines average generation

factors with the appropriate data to extrapolate to a national estimate of generation:

1 Extrapolation Method 1 is based on the numberedtaurantsfood service sector employees
in the United States. Data arstaurant/food servicesector employees are available from the

u. S.

Census

B u r “2SUEB data SdL6llected ia tearsseading in 2 and 7. The
SUSB data, last published in 2015, classifies the number of firms, number of establishments,

employment, and annual payroll of U.S. business establishments by NAICS codes.
Restaurant/bod service estblishments are classified as fa#irvice or limiteeservice according
to their sixdigit NAICS codes.

0 Fullservice establishments consist of NAICS codes 72251kéRtitte establishments),

722320 (Caterers), and 722514 (Cafeterias, Grill BuffetsBaffdts). The total
employment in this group was 5,520,163 people in 2015.

Limitedservice establishments consist of NAICS codes 722513 (L-seiteide

Establishments), 722330 (Mobile Food Services), and 722515 (Snack and Nonalcoholic

Beverage Bars). &hotal employment in this group was 4,717,362 in 28A15.

1 Extrapolation Method 2 requires an estimate of the numberestaurantfood service

establishments in the klted Sates. This figure is also available in the SUSB data. According to

4 U.S. Census Bureau. January 2018. 2015 SUSB Annual Dathytdisesblishment Industry. Available:
https://www.census.gov/data/tables/2015/econ/susb/20igusbannual.html

50 Regularlypublished BLS data series corroborate thestis employment figures. The BLS estimates that in 2015,
11,065,700 people are employed in the food service sector, which is 828,000 more (8% higher) than the Census

estimates. However, the BLS data series includes employees under NAICS 722410 (Atautioiciaces) and
722310 (Food Service Contractors). The BLS data series is availatifgsatwww.bls.gov/iag/tgs/iag722.htm
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this data sees, an estimated 260,671 fidervice establishments and 297,568 limiselvice
establishments operated in the United States in 2615.

1 Extrapolation Method 3 requires an estimate of the total revenue acrossastaurantfood
service sector, includingll types of restaurants and food service operations. The National
Restaurant Association projects these revenues annualthe 2017 Restaurant Industry
Outlook report®2the National Restaurant Association estimates that 2017 revenues acress full
servie establishments total $277.3 billion, and revenues at limi#edvice establishments total
$275.4 billior?? In total, revenues in theestaurantfood service sector total $552.7 billiGh.

To develop a national generation estimate for tlestaurants/foodservicessector, EPAirst multiplied

the generation factors by the appropriate extrapolation bases. The eight studies estimated generation
factors for a combination of fulervice and limitegervice establishments. A number of the studies did
not specfy which type of establishmentfull-service or limiteeservice—was sampled. Since the studies
do not clearly differentiate fulservice from limiteeservice sampling, the analysis applies the generation
factors equally to both subectors. One exceptioto this method iCalRecyclé2006), which developed
separate generation factors for ftdervice and limitegservice establishments. In addition, North
CarolinaDENR2012) and Battelle (2015) focused only on-&divice establishments (no studies feed
only on limitedservice establishmentslt P Aahadysis applies these generation factors only to the
appropriate establishment types.

E P Aahadysis then estimates total generation based on a straight average of generation estimates
calculated for ede study. Finally, the fullervice and limitegservice averages are summed to yield an
estimate for the nationwideestaurantsfood service sector®® Table26 summarizes these steps and
the resulting food waste generation estimates.

51 This estimate is supported by findings from a 2018 First Resegpatby Dun & Bradstreet, which estimates
that 620,000 total food service establishments operate currently in the United States. Additionally, the BLS
estimates 630,299 establishments operate under NAICS 722.

52 National Restaurant Association. 2017 Restaurant Industry Outlook. Available:
https://www.restaurant.org/Downloads/PDFs/NewResearch/2017 Rgaurant outlook summarfFINAL.pdf

53 Revenues for these two groups were calculated in accordance with theefwiice and limitegservice NAICS
classification used throughout this analysis.

54 These estimates are validated by the findings from First Relsgahich estimates the total revenue of the U.S.
restaurant industry to be $550 billion in 2017.

55 EPA also considered an alternative method for calculating generation. Generation factorsgenfigé and
limited-service establishments were brokenteseparately, normalized to millions of tons, and multiplied by their
corresponding extrapolation bases. Eight studies in this set were assumed to applyserfide establishments.
Only one study, CalRecycle 2006, specifically estimated generatibmitedd-service establishments. The ratio of
generation between limitegservice and fulservice facilities in this study was about 0.75. EPA applied this ratio to
the full-service generation factors to estimate a separate set of rates for linsggdiceestablishments. This
method estimated a total 15.1 million tons of food waste nationwide in 2015.
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TABLE6. RESTAURANTS/FOODVBEERS EXCESS FOODIFOYASTE GENERATESNIMATES
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Pounds/
CaRecycle| 2006 | employee/ | 3,392 9.36 2,494 5.88 15.24
year
Pounds/
Method | Massachus| 0, | o ioveer | 3,000 | 2920163 | gog | 3000 | 4717362 | 708 15.36
1 etts DEP employees employees
year
Pounds/
CalRecycle| 2015 | employee/ | 2,760 7.62 2,760 6.51 14.13
year
Tons/
U'S'.EPA 2011 | facility/ 43 11.21 43 12.80 24.00
Region 1
year
Tons/
Okazaket .
al 2008 | facility/ 38.8 260,671 10.12 38.8 297,568 11.55 21.67
Method year . .
establishm Establishm
2 North Tons/ ents ents
Carolina 2012 | facility/ 32 8.34 N/A N/A 8.34
DENR year
Tons/
Battelle 2015 | facility/ 42.7 11.13 N/A N/A 11.13
year
vithod lon iion.
BSR 2014 | thousand 33 4.58 33 4.54 9.12
3 sector sector
$ revenue
revenue revenue
AVERAGE 8.83 8.06 16.89

9 t ! eSlitnate of excess food/food waste generated from the restaurant/food service sector in 2016
is 16.9 million tons’®

Key Assumptions and Limitations

The methods draw on a variety of studies, but are limited by the rigor and accuracy of those studies. In
particular, researchers have conducted few direct, empirical analyses of food service waste streams in

5% The FWRA2016)study, which was used for management pathway distributiorttierrestaurant/food services
sector, asked survey respondents to report fomaste managed by a variety of methods (i.e., the FLW Standard

destinations), including a cate |
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was very smallapproximately 3,000 tons) and therefore has a negligible effect on the final generation estimate,
which is still 16.9 million tons.
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recent years. WhilBSR2014) CalRecycl@006 2015) and North Carolin® ENR2012)directly
sampled waste and/or conducted thorough surveys, other studies such as Draper/Lennon relied upon
older research to synthesize their generation factors.

6.2.4.2 Hotels

E P Arethods for estimating food waste generation from hotels define the sector consistent with
NAICS code 7211, which comprises shemn lodging in hotels and motels (721110), casino hotels
(721120), beehnd-breakfast inns (721191), and all other travelecammodations (721199Y.Traveler
accommodations comprise establishments with-8dtvice dining, establishments with limited food
service (e.g., breakfast only), and establishments that do not serve food. Establishments that do not
serve food are includkbecause the analysis covers not only food waste from kitchens-sit®n
restaurants, but also from guest rooms where food purchasegitgfmay be consumed.

6.2.4.2.1 AnalyticMethods forHotel Food Waste Generation

The literature search identified 25 studies food waste generation in hotels and other traveler
accommodation facilitieE P A’ s me fotused anla supset of four studies that provide food

waste generation factors based on empirical data collected directly from sampled Fwdst of the
relevant studies reported pounds of food waste generated per hotel employee per year. In addition, a
hotel food waste study from Hawaii (Okazaki et al., 2008) estimated food waste generated per hotel
food service employee, unlike the other studies that coesidod waste generated per general hotel
employee. To apply data from Okazaki ef{2008),the analysis divides the total amount of food waste
generated in Hawaii hotels (as estimated by Okaggél., 2008 by the total number of hotel

employees undeNAICS 7211 in Hawaii, to make the generation factor consistent with the other studies.

Table27 summarizes the selected generation factdesP Aahadysis computes the average ofif waste
generation factors, which range from about 375 to 1,983 pounds per employee per year. These studies
were published between 2006 and 2015 using data fram gtates (Californiand Hawaii) and

Vancouver, Canada.

TABLR7. HOTEEOOD WASTE GENERWHACTORS

GENERATION
SOURCE YEAR FACTOR UNIT GENERATION FACTO
CalRecycle 2006 Lbgemployeelyear 1,983
Okazaki et al. 2008 Lbs/employeel/year 375
CalRecycle 2015 Lbs/employee/year 1,197
Metro Vancouver 2015 Lbs/employee/year 997
AVERAGE 1,138

57 Office of Management and Budget. 2017. North American Industry Classification System. See:
https://www.census.gov/eos/www/naics/2017NAICS/2017 _NAICS Manual.pdf

58 Several studies report food waste generated per meal, or per guest or guest room. EPA excluded such studies
from the calculationslue to the difficulty in estimating the annual number of hotel guests or occupied guest
rooms per year in the U.Récycling Works Massachuse®§13; Carvalho, 2014; Coker, 2D09
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To estimate food waste generation from hotdE? Amultiplied the average generation factor of 1,138
pounds/employee/year by the number of all employees associated with NAICS 7211, as reported by
BLS® As of May 2017, about 1.9 million individuals were working in NAICS Talte 28 summarizes
the food waste genetion calculation for hotels.

TABLER8. HOTEL FOOD WASTEKEENION ESTIMATE

PARAMETER ESTIMATE UNITS SOURCE
Average Generation Factor 1,138 Lbs/employeel/year Average
Number of employees | U.S. BLS, see
Basis for Extrapolation 1,958,130 under NAICS 7211 in https://www.bls.gov/oes/curren
2017 t/naics4 721100.htm#00@000

Product of generation factor

Annual Generatio antit 1,114,001 | Ton : .
! lon Quantity “ S andextrapolation basis

Number of studies (N) with

- . 4 Number
original generation factor

9t! Qa SadAayYrdsS 2F F22R gradsS ISYySNIrGSR FTNRY GKS
Key Assumptions and Limitations

Two considerations suggest that the recommended methods may be overstating food waste generation
from hotels:

9 First, many hotels and traveler accommodations do not serve food. Guests may still generate
food waste in their rooms, but establishment genéoatfactors will be lower than at hotels
with full-service restaurants. Most of the literature that EPA relied upon does not describe the
type of food services provided at the sampled establishments. To the extent that only hotels
with formal food servicewere sampled, the methods likely overstate total food waste
generation.

1 Second, some hotel restaurants operate as separate entities, serving guests as well as the
general public. Depending upon ownership and other management arrangements, it is possible
that a hotel restaurant could report to the economic census under NAICS 722 while the hotel
itself reports separately under NAICS 721. If this reporting is not properly coordinated, the
restaurant and hotel analyses could dowgleunt activity and thus ddale-count food waste
generation for some establishments.

6.2.4.3 Jorts Venues

Food is served at an array of social, recreational, cultural, and professional events. A brief list of relevant
venues includes sports stadiums; convention centers; theme parks; znodry clubs; performance

59May 2017 National Industr8pecific Occupational Employment and Wagtnfates. NAICS 721100 raveler
AccommodationSeehttps://www.bls.gov/oes/current/naics4 721100.htm#60000
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centers; charitable events (e.g., running races); agricultural fairs; and museums. For a variety of reasons,
accounting for food waste generation at all such events is difficult:

1 Systematic, recurring nationdével data on attendnce at most such events generally are
lacking.

9 The available studies offer generation factor estimates for specialized subsets of these events
(primarily sports), but not all of them.

1 Some venues host a mix of events, making attendance tracking diffleadtinstance, some
sports venues also host concerts, and food services may be available at all or only a subset of
the hosted events.

1 Abroadly inclusive definition of such events creates the potential for double counting food
waste accounted for elsewhere in this research. For instance, many professional conferences
take place at hotels where participants are also hotel guests. Sim#arye norhotel venues
have permanent restaurants available to the general public (e.g., museum cafés).

For these reasong P Aeécammended methods focus on a single, major event categprgpfessional
and collegiate sports. Available generation faatata align reasonably well with sporting venues and
attendance data are updated consistently. This focus inevitably leads to an understatement of food
waste generation at all mass events, although the exact degree of bias is nd®clear.

6.2.4.3.1 AnalyticMethods forSports Venues Food Waste Generation

Literature citing empirically derived generation factors at large public events generally focuses on food
waste generation per visitor. The literature search identified three studies that included original

sampling andcoveredsporting event venue%. As shown irable29, Costello et al. (2017) focused on a
football stadium at the University of Missouri, gathering samples for a full season (seven games). The
other two studies, CalRecycle (2015) andR@éal/clg2006), sampled a variety of public venues

(including sports stadiums). The primary uncertainty comes with respect to the types of venues at which
sampling is performed and the extent to which those venues are representative of sports stadiums. The
generaton factors in the CBlecyclestudies are significantly higher than in the one study exclusively
focused on a sports venue (Costadloal., 2017, suggesting that generatianay besomewhat
overstatedwhen applying these rates to sports venues exclusively

60 Agricultural fairs represent a major category that some other researchers have included in their sampling for
public events (see CalRecycle, 2015). A cursory review of data for the 72 largest agricultural fairs in the U.S.
suggests annual attendance ofughly 30 million, a figure that is only about 12% of sports attendance, suggesting
that sports attendance likely outstrips other major categories of events.

51 A fourth study by Hottle et al. (2015) considered food waste generation at four college bagmhat. EPA

excluded this study because: (1) it was based on a sports league that is not part of the set of larger leagues
considered; (2) the sample size was small, with only about 2,500 attendees at each of the four games; and (3) the
study estimates a g low generation rate (0.02 Ibs/visitor) that is inconsistent with other evidence.
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TABLR9. SPORTS VENUES FO@GB™W GENERATION RS

GENERATION
SOURCE YEAR VENUES SAMPLED FACTOR CENERATION
FACTOR
UNITS
CalRecycle 2015 St.adlums, performance centers,.parks, Lbs/visitor 0.32
fairgrounds, bowling alleys, movie theaters
Convention centers, stadiums, theme park
CalRecycle 2006 performing arts centers, movie theaters, Lbs/visitor 0.45
fairgrounds, special event sites
Costello et al. 2017 College football stadium Lbs/visitor 0.16
AVERAGE 0.31

To estimate annual nationwide food waste generation associated with sports vaaBés)ultiplied the
generation factors above by the number of attendees at sports venues. Various organizations compile
attendance at professional and Division | college tspevents.Table30lists sources for the attendance

figures.

TABLBO. SPORTING EVENTBEENDANCE

ANNUAL
LEVEL LEAGUE ATTENDANCH YEAR SOURCE

Major League Baseball 72,670,423 2017 http://www.ballparksofbaseball.com/baseball
ballparkattendance/

Natlon_aI.BasketbaII 21,997,412 2016-17 http://www.insidehoops.com/attendance.shtml

Association

National Hockey League http://www.espn.com/nhl/attendance/ /year/20

21,429,412 2016-17 fitle=20172018
Professional | National Football League 17,788,671 2016 http://www.espn.com/nfl/attendance

Minor League http://www.baseballpilgrimages.com/attendang

BaseballAAA) 13,822,138 2017 e/minor-leagues2016.html

Minor League BasebdlAA) 8,789,445 2017 httpf//www.basebalIpllgrlmages.com/attendanc
e/minor-leagues2016.html

Major League Soccer 8,267,534 2017 https://soccerstadiumdigest.com/20tmls-
attendance/

NCAA Division | football 36,632,625 2017 http://www.ncaa.org/championships/statistics/

(regular season) ncaafootball-attendance

NCAA Division | football 5,500,277 2017 http://www.ncaa.org/championships/statistics/

(bowl games) ncaafootball-attendance

College NCAA Division | men's 26,983,888 2016-17 http://www.ncaa.org/champlonshlps/statlstlcs/

basketball mensbasketballstatistics

NCAA Division | men's 3580513 20172018 http://vaw.ncaa.org(cljamplonsh|ps/stat|st|cs/

hockey mensice-hockeystatistics

NCAA Division | women's 8,300,103 2016-17 http://www.ncaa.org/championships/statistics/

basketball womensbasketbaHlattendance

TOTAL 245,771,441

Table 31 summarizes the food waste generation calculation for sports venues.

64


http://www.espn.com/nhl/attendance/_/year/2018/title=2017-2018
http://www.espn.com/nhl/attendance/_/year/2018/title=2017-2018

TABLB1. SPORTS VENUES FO@GB™W GENERATIEBTIMATES

PARAMETER ESTIMATE UNITS SOURCE

Average Generation Factor 0.31 Lbs/visitor Average
. . Att t j Vari
Basis for Extrapolation 245,771,441 endance at major arious
sports events

. . Product of generation factor

Annual Generation Quantity 38,088 Tons 8 g . ! .
andextrapolation basis

Number. of studies (N) with original 3 Number
generation factors
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Key Assumptions and Limitations
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Due to data availabilitfor public venues and event&PAocused on sports stadiums. Food waste
generation undoubtedly occurs at a wide variety of other public venues. The collective significance of
these other public events relative to sports is unclear, making it difficult to adseslegree to which
food waste gearation in the hospitality sector isnderstated.

6.2.5

Institutional Sectors

Thissectionreviews analytic methods forsmatingfood waste associated with the institutionsgctors
of the food system. The institutional sectors include the following:

1 Hospitals

aLJ2 NJi

Nursing homes and other senior care facilities;
Military installations;
Office buildings;

Correctional facilities;

= =/ =4 =4 =9

Colleges and universities; and
1 K-12 schools.

Table32 summarizes thestimates of food waste generated in tirestitutional sectors As sbwn, the
generationmethods yield an estimate of @million tons per year for all institutional sectors combined.
Office buildings are responsible for the greatest share, while military installations appear to be the least
significant.

TABLB2. SUMMARY OF FOOD WASENERATION ESTIFAFOR INSTITUTIOSECTORS

FOOD WASTEENERATION
SECTOR (TON$YEAR)
Hospitals 288,401
Nursing Homes 465,932
Military Installations 58,944
Office Buildings 4,004,43
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FOOD WASTEGENERATION
SECTOR (TON$YEAR)
Correctional Facilities 443,002
Colleges and Universities 617,634
K-12 Schools 1,162,683
TOTAL INSTITUTIONAL 7,041,028

6.2.5.1 Hospitals

E P Aniethods for estimating food waste generation from hospitals define the sector consistent with
NAICSode 622 whichincludes general medical and surgical hospitals; psychiatric and substance abuse
hospitals; and other specialty hospitals providing loeign care. It excludes nursing and residential care
facilities, which are addressed separately.

6.2.5.1.1 AnalyticMethods forHospitalFood Waste Generation

The literature search identified a total of 46 studies addressing food waste generation in hospital
settings. Many of these studies, however, are not directly useful to methods development. Some lack
guantitative information on generation factors, whilehars apply generation factors from earlier
studies. Hencek: P Aéceammended methods are based on a relatively small subset of seven studies
that either involved original research (e.g., sorting/analysis of hospital waste) or which present
foundation estinates widely cited in the literature.

E P Aniethodologyinvolvestwo separate, but relatedyeneration factos to estimate food waste from
hospitals. Method 1 is built on measurements of the quantity of food waste generated per hospital bed
per year. As stwn inTable33, four studies offer distinct estimates of this generation factor. The

highest figure is fron€onnecticut DER2001) which is widely cited in other studies estimating food
waste (sedRecyclingWorkMassachusetts, 2018ndNRDC, 2017, amonghers). While widely applied,

the generation factors i€onnecticut DER2001)are built on original research developed in the 1990s,
henceEPAsupplemenedthis data point with other studies. Both North Carolina DERIR.2)and
CalRecycl&015)are more recent and use original waste sampling. The Wadlah (1993)ktudy is

older, but provides an additional data point for corroboration of the generation per bed fi§tires.

The available literature supports analysis of a second generation factonds per hospital meal. The
literature search identified three distinct estimates of food waste per meal served. One is simply the
assumption fronthe Connecticut DER001)per-bed generation equation (0.6 Ibs/meal). Other studies
estimate somewhat lowerates of waste per meal.

62The analysis of hospitals Morth Carolina DENR (201dtaws on a study of Orange County, North Carolina. The
only hospital in the county is the University of North Giava Medical Center, which has 803 beds (see
https://www.uncmedicalcenter.org/uncmc/abouj/ E P Aahadysis uses that figure to calculate pounds of food
waste per bed. Both CalRecy¢@15)and Walshet al. (1993yeport total solid waste generation per hospital hed
CalRecycl€2015)provides a detailed composition analysis indicating that 2bfithe hospital solid waste is food
waste, allowing calculation of food waste per b&dP Aahadyss applies the same composition assumption
(20.4% to the Walstet al. (1993%olid waste per bed figure to estimate food waste per bed.
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TABLB3. HOSPITAL FOOD WASERERATION FACTORS

METHOD SOURCE YEAR GENERSLII(_?N FACTC GENERATION FACTOH
Connecticut DEP 2001 Lbgbed/year 1,248.3
North CarolinaDENR 2012 Lbgbed/year 468.2
Method 1 [ walshet al. 1993 Lbgbed/year 663.4
CalRecycle 2015 Lbgbed/year 232.6
AVERAGE 653.1
Chardoul &
Coddington 2012 Lbgmeal 0.31
Method 2 | VermontANR 2018 Lbgmeal 0.50
Connecticut DEP 2001 Lbgmeal 0.60
AVERAGE 0.47

To estimateannual nationwide generation, the average generation factor for each method must be

combined with the appropriate scaling metric:

1 Method 1 is based on the number of hospital beds in the ThiS.figureis basedn data
available from theAHA which repors a total of 894,574 staffed beds in U.S. registered hospitals

in 2016°%3

1 Method 2 requires an estimate of the number of hospital meals served per year. To estimate
this figure,EPAmultiplied hospital beds in the U.S. by the average national occupancyfate
64.8 percent* Connecticut DEP (200&$timated that hospital patients are served an average
of 5.7 meals per day, leading to an estimate of about 3.3 million meals per day or roughly 1.2

billion meals per year.

Table34 summarizes the food waste geradion estimates associated with the two methods, as well as a
best estimate based on a simple average across all the studies applied. As shown, the methods yield
similar generation quantities, although this result would be expected given shared infomtsioveen

the two approaches. For instance, the number of meals estimated under Method 2 is a function of the
number of hospital beds, which underpins the Method 1 estimates.

TABLB4. HOSPITAL FOOD WASENERATION ESTIMAT

METHOD PARAMETER ESTIMATE UNITS
Average Generation Factor 653.1 Lbs/bed/year
Basis for Extrapolation 894,574 Beds, 2016
Method 1 Annual Generation Quantity 292,139 Tons/year
Number. of studies (N) with original 4 Number
generation factors
Method 2 Average Generation Factor 0.42 Lbs of waste/meal
B8AHA, “Fast Facts for U. S. httpsdewwiahiaarh/statis?id3/208801°09fast c e s s e d
factsus-hospitals2018

64U.S. Centers for Disease Conthitional Center for Health StatisticEable 89. Hospitals, beds, and occupancy
rates, by type of ownership and siagéhospital: United States, selected years 192514, accessed online at
https://www.cdc.gov/nchs/data/hus/2016/089.pdf

67

0

I


https://www.aha.org/statistics/2018-01-09-fast-facts-us-hospitals-2018
https://www.aha.org/statistics/2018-01-09-fast-facts-us-hospitals-2018
https://www.cdc.gov/nchs/data/hus/2016/089.pdf

METHOD PARAMETER ESTIMATE UNITS
Meals/year (based on

Basis for Extrapolation 1,206,032,462 2016 beds and
occupancy)
Annual Generation Quantity 283,418 Tons/year
Number. of studies (N) with original 3 Number
generation factors
AVERAGE GENERATION ESTIMATE 288,401 Tonslyear

9 t !eSlitnate of food waste generated from hospitals in 2016 is8281tons.
6.2.5.2 Nursing Homes

Within the NAICS system, relevant nursing home facilities are defined by code 623, nursing and
residential care facilities. Based on U.S. Census Bureau data, the industry is dominated by senior care
facilities in NAICS codes 6231 (nursing care facilities) and 6233 (continuing care retirement communities
and assisted living facilities for the eldérlidowever, the sector also includes NAICS codes 6232
(residential intellectual and developmental disability, mental health, and substance abuse facilities) and
6239 (other residential care facilities).

6.2.5.2.1 AnalyticMethods forNursingHome Food Waste Generation

The literature search identified a total of 16 studies addressing food waste generation in nursing home
settings. While most of these developed quantitative estimates of generation, the majority share a
single estimation methoftom Massachusetts DER002). Using primary research findings from the
1990s Massachusetts DER002)specified the following equation:

Food waste (Ibsigar) = N of beds *3.0 meals/bed/day * 0.6 Ibs food waste/meal * 365 dags/y

This equation collapses to a simgleneration factor of 657 Ibs/bdgear. Sudies employing this
equation for food waste estimation includeonnecticut DEP (20085outh Carolin®0Q2015), NRC
(2017), Mercer (2013), and Labuzetta et al. (2016). Because this approach is widely recagphized
applied,EPAncorporakedthis poundsper-bed generation factor as Method 1.

Additional generation factor estimates are lacking, particularly those based on direct measurement of
food waste generation at nursing homes. While not a U.S. study, Strotataair(2017) included
observations of food waste generation in a retirement home in Germany. Averaging across figures for
three daily meals (measured in two separate analysis wdk@s) Strotmann et al. (2013)ields an
estimated 0.13 pounds of plate wi per meal served at the subject facility. Kim et al. (1997) provides
an additional empirical estimate of food waste generation per maabut 0.965 pounds per medlhe
estimatefrom Kim et al. (1997¥ high compared to Strotmaret al. (2017) partlybecause it includes
kitchen preparation waste as well as plate wa&PA usethese two permeal generation factor

estimates as the basis for Method 2.

Table35 summarizes the literature and generation factors for the two methods.
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TABLB5. NURSING HOME FO®BSTE GENERATIONTERANS

GENERATION
METHOD SOURCE YEAR FACTORNIT GENERATION FACT
Method 1 Massachusetts DEP | 2002 Lbgbed/year 657.0
Strotmannet al. 2017 Lbgmeal 0.13
Method 2 Kimet al. 1997 Lbgmeal 0.965
AVERAGE 0.55

To estimate annual nationwide generation for nursing homes, the generation factors for each method
must be combined with the appropriagxtrapolation basis

1 Method 1 is based on the number of nursing home beds in the U.S. This figure is based on data
avalable from theCDC which compiles nursing home statistics as part of its recordkeeping on
longterm care facilities. CDC estimates 1.7 million licensed nursing home beds existed th 2014.

1 Method 2 requires an estimate of the number of nursing home meals served per year. To
estimate this figure, EPA multiplied the total nursing home population by the number of meals
per day (assumed to be three, basdidissachusetts DEP (20D2nhd the numbebpf days in a
year. The CDC estimated 1.4 million nursing home residents in 2014, based on the same
research cited for Method 1. Therefore the estimated number of meals is about 1.53 billion
annually.

Each of the three studies was weighted evemlble36 summarizes the food waste generation
estimates associated with the two methods.

TABLB6. NURSING HOME FOOBSTE GENERATIONMATE

METHOD PARAMETER ESTIMATE UNITS
Average Generation Factor 657 Lbs/bed/year
Basidor Extrapolation 1,700,000 Beds, 2014
Method 1 Annual Generation Quantity 558,450 Tons/year
Number. of studies (N) with original 1 Number
generation factors
Average Generation Factor 0.55 Lbs of waste/meal
. . Meal 2014 i
Basis for Extrapolation 1,533,000,000 ealsear (based on 2014 nursing
Method 2 home population)
Annual Generation Quantity 419,673 Tons/year
Number. of studies (N) with original 5 Number
generation factors
AVERAGE GENERATION ESTIMATE 465,932 Tonslyear

5 Summary data accessedtps://www.cdc.gov/nchs/fastats/nursindgpome-care.htm These data are based on
t he CDC r-égmnoQate Providersiagd Services Users in the United States: Data from the National Study of
LongTerm Care Providers, 204314 ~ February 2016.
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9t ! Q& Sa i Awastdigbneratdd fran2nBriing homes in 20181465,932 tong®
Key Assumptions and Limitations

A number of factors create significant uncertainty for estimating food waste generated in nursing
homes:

9 First, the literature focusing on nursing homes is axiedy limitedand dated Most studies with
guantitative estimates rely upon thassachusetts DEP (20@{proach, which isutdated
Few recent studies have directly measured food waste in a nursing home context.

1 Second, the diversity of the nursing home sector makes uniform estimation of food waste
generation difficult. Some nursing homes are akin to hospitals, withrigkeln residents being
served meals in their rooms. Other nursing homes are more akin to eall@gnitories, with
residents dining in a cafeteria setting. It is possible that generation factors are higher in hospital
like settings and lower in settings where residents are younger, healthier, and more ambulatory.

6.2.5.3 Military Installations

Estimating 6od waste generation from military installations in theitéd Stateds challenging given the
diversity of these institutions. Military bases encompass traditional facilities where military recruits live
and train; equipment testing facilities; and inigknce and research facilities that function largely as
daily workplaces for enlisted and civilian staff, many of whom live offsite. These functions and living
arrangements have implications for food waste generateri® A’ s facusadoty exnlisted pesonnel
stationed fulitime at military installations. These residents outnumber civilian workers and their full
time residency makes for greater generation potential. Furthermore, civilian personnel may be more
likely to eat meals in franchise restaurafdsated onbase; the resulting food waste should therefore
be captured in theestaurantsfood services sector analysis. OvealP A’ s  maytuhderdstimate
food waste generation associated with military bases; however, the sector is small in campgaris
other institutional sectors.

6.2.5.3.1 AnalyticMethods forMilitary InstallationFood Waste Generation

Literature citing empiricalbgerived generation factors at domestic military installations is limited. Three
food waste generatiofiactorsfrom two studiesare summarized ifable37.%” The analysis divides the
annualfood wastegeneration by the estimated population at the base to estimate generation factors in
terms of pounds per person per year. The rates average approximately 105 pounds per person per
year5®

%While EPA's estimates for almost all sectors are basec
available at the time of analysis, so these estimates are for 2014.

67 Battelle (2015) included an additional South Carolina anjlibase. However, the base is a National Guard

training facility where few troops are stationed yeaund, and hence the facility may not provide representative

food waste generation data.

58 Note that the food waste generation rates for domestic military facilities differ substantively from those for

forward base camps. Studies of food waste generation at base camps in either real or simulated battle conditions

have found much higher generati rates ranging from 379 to 609 Ibs/soldier/year. See, for example, U.S. Army

Corps of Engineers (2008) and Cosper et al. (2013).
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TABLB7. DOMESTIC MILITABASEFOOD WASTEENERATION FACTORS

ANNUAL TONY
ON-SITE GENERATION | GENERATI(C
SOURCE YEAR MILITARNBASE OF FOOD POPULATION FACTORNIT N FACTOR
WASTE

Battelle 2015 | Shaw AFB (South 389 5,400 Lbsperson/year 144.1

Carolina)
Battelle 2015 Fort Jackson 1,200 48,600 Lbgperson/year 49.4

(SouthCarolina) ' ' P y ’
EvansCowley &
Arroyo- 2013 Keg sl_er AFB 312 5,100 Lbgperson/year 122.4

. (Mississippi)
Rodriguez
AVERAGE 105.3

Note:

1Data for base population are taken from the webditgp://www.militarybases.us/ which compiles descriptive data on
U.S. military installations. The population includes aetiugy military and excludes civiésrice employees, contractors,
and family members who may work or spend timelmse, but who are not futime residents.

To estimate annual nationwide generation for domestic military basP#multiplied the average

generation factor by the relevamumber of individuals. The Defense Manpower Data Center provides

estimates of total activaluty military stationed at bases in the U.S. (as well as throughout the world).
Specifically, the data report titl edantiAPFunts of A
Civilians” sdumpesonnezby statesacdtinithne &.S. overall. The data are updated

guarterly and can be downloaded https://www.dmdc.osd.mil/appj/dwp/dwp _repors.jsp In

September 201,7about 1.12 million activitduty personnelvere stationed at U.S. basé.

Table38 summarizes the food waste generation estimate calculation for military installations.

TABLEB8. DOMESTIC MILITARYSBA FOOD WASTE GENER ESTIMATE

PARAMETER ESTIMATE UNITS
Average Generation Factor 105.3 Lbgperson/year
Basis for Extrapolation 1,119,873 Activeduty personnel, 2017
][\:(J:?;l:;ar of studies (N) with original generation 2 studies (3 bases) | Number
AVERAGE GENERATION ESTIMATE 58,944 Tons/year

9t ! Qa SadAYFGS 27F T mitRy installations in 2033/isHRD44 6rR. T N2 Y

Key Assumptions and Limitations

59 A portion of activityduty personnel live in family housing, either-am off-base. The Census Bureau states that

theCurent Popul ation Survey covers only “civilian noninst
https://www.census.gov/topics/population/veterans/about/fag.html#par_témage 9. Nonetheless, it is

possible that the number of households used to estimate residential food waste may douunié a portion of

military households.

“While EPA's estimates for al most all se20lfdatas are basec
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The diverse nature of U.S. military bases introduces uncertainty into the estimation of food waste
generation. Most notably, individuals other than actahety enlisted personel are present at military
bases. Those present may include civilian staff (e.g., secretaries, janitors) as well as contractors
supplying services such as construction, weapons testing, teaching, and landscaping. While civilian
workers do not live otbbase,some may eat meals in central cafeteria facilities, thereby adding to food
waste generation. This analysis does not account for this generation.

The overall annual generation per person per year (105 pounds) for military installations appears low in
comparison to other sectors. For instance, the figure is lower than theppesonper-year equivalents
estimated for hospital patients, nursing home residents, or incarcerated indigdsiadgestinghat the
methods may understate overall generation for taily installations.

6.2.5.4 Cffice Buildings

Millions of Americans work in office settings. Estimating food waste generation in the office
environment is conceptually difficult, however. First, office workers are not easily associated with a well
delineated set ®BNAICS codes, but may exist in numerous settings such as academic research, financial
services, software development, and public administration. Second, office settings feature an array of
food consumption and food waste generation conditions. Office exxknay bringheir ownlunches,

eat in an orsite cafeteria, or leave the premises entirely to eat in commercial restaurants. To be
reliable, generation factor data must encompass and reflect these diverse options. Finally, it is even
difficult to specifythe number of meals consumed by typical office workers. On any given day, an office
worker may consume any of his or her three major meals at the office; in the modern U.S. economy,
office meals are not simply restricted to lunch.

EPA’ s met heoahtstudies df fipod avaste generation in office settings. In effect, the methods
circumvent the complexities described above by pairing empirically derived generation factors with data
characterizing the general size and significance of effased econort activity.

6.2.5.4.1 AnalyticMethods forCOffice BuildingFood Waste Generation

The literature search identified three studies that provide empirically derived generation factors for
commercial office buildings. Each of these studies involved characterization of the overall solid waste
stream in a sample of office buildings selectede representative of predominant service industries in
the study region, including identification of the percent of the solid waste stream that was food waste.
In these studies, two distinct measures of generation factors are reportedeRAdusethese

measures to extrapolate to national figures:

1 Method 1 uses estimates of the quantity of food waste generated per office employee. Both
CaRecyclg2015) and Metro Vancouver (2015) reported generation factors in these terms.
CaRecycle (2015Eported sep@rate figures for several office sectors, including professional,
technical, and financial; management, administrative, support, and social; and public
administration’* E P Aahadysis incorporates an average of these three groups to establish the

P The public administration sector includes office workers as well as services such as police and fire. Public
administration had the lowest food waste generation of the three offielated subsectors considered in
CalRecycle (2015). As auktsinclusion of public administration may bias the food waste estimates downward.
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general dfice generation factors shown ifable 39. Metro Vancouver (2015stimated food
waste generation for a single category they

1 Method 2 considers food waste generation as a function of office square fodBagle.
CaRecycle(2015) and CalRecycle (2006) provide data in these teZaiRecyclg2015)reported
per-squarefoot figures for both the professional, technical, and financial industry group, as well
as the management, administrative, support, and social group.afalysis averages these two
groups to establish a general office generation factor.

TABLB9. OFFICE BUILDING FOOASTE GENERATIORFARS

GENERATION
METHOD SOURCE YEAR FACTORNIT GENERATION FACT
CalRecycle 2015 Lbsemployee/year 258.8
Method 1 Metro Vancouver 2015 Lbgemployee/year 80.9
AVERAGE 169.9
CalRecycle 2015 Tons/L000 sq ft/ 026
year
Method 2 CalRecycle 2006 Tons/L000 sq ft/ 017
year
AVERAGE 0.22

To estimate annual nationwide food waste generation associated with office buil@Rgspultiplied

the generation factors above by the relevant extrapolation figure. While the number of office workers is
not aligned with any particular subsef NAIC®odes, the BLS does provide a recurring data series
covering employment by major industry sectéilo estimate the number of office workers nationwide,
EPANncorporated five BLS employment sectors into the analysis:

9 Information;

Financial activities;

Professional and business services;
Federal government; and

State and local government.

=A =4 =4 =4

These BLS groups align best with the office buildings sampled in the waste characterization studies. The
associated number of workers is nonetheless subject to signifinacgrtainty. Specifically, the selected
groups inevitably include neoffice employees; for instance, the state and local government group may
include public works employees who do not work in an office setting. Conversely, some employees of
the groups noincluded in the analysis may work in office settings. For instance, some employees of the
utilities sector may work in offices performing accounting and sales functions. Accepting these
uncertainties, the Method 1 approach uses the BLS data to estimat@leof approximately 53 million

office workers.

2See BLS, Employment Projections, Employment by major industry, TabEm@gloyment by major industry
sector, 2006, 2016, and projected 2026, accessddtps://www.bls.gov/emp/ep _table 201.htm

73


https://www.bls.gov/emp/ep_table_201.htm

For Method 2, the analysis incorporates data compiled byEheas part of t€BECSCBECS includes
esti mates of total floor space by pri ndhepal buil d
survey estimates a total of about 16 billion square feet of office space in 2012.

As shown imable40, Method 1 yields total food waste generation estimate of about 4.5 million tons
based on numbers of office employees. Method 2 uses office squaregedtaarrive at a similar
estimate of 3.5 million tons. To develop a final estimate of annual gener&PfAysed a straight
average othe two methods, giving equal weight to each of the available generation factors

TABLEO. OFFIE BUILDING FOOD WASENERATION ESTIFRAT

METHOD PARAMETER ESTIMATE UNITS
Average Generation Factor 169.9 Lbs/employee/ear
Basis for Extrapolation 53,415,600 Office employees, 2016
Method 1 Annual Generation Quantity 4,536,438 Tons
Number. ofstudies (N) with original 5 Number
generation factors
Average Generation Factor 0.22 Tons/1000 sq ft/ear
Basis for Extrapolation 15,952,000 1000 sq ft of office
Method 2 space, 2012
Annual Generation Quantity 3,472,423 Tons
Number. of studies (Nyith original 5 Number
generation factors
AVERAGE GENERATION ESTIMATE 4,004,430 Tonslyear

9t ! Qa SadAYIFI{iS 2F F22R ¢+ adsS ISYSNIGSR FNBY 2FFAO0
6.2.5.5 Correctional Facilities

The methods described in this section address food waste generation from state and federal prisons and
correctional facilities (NAICS 922140) as well generation at privately operated correctional facilities

(which are included as part of NAICS 5612T#3.number of prisoners in the U.S. has been declining at

an average rate of 0%per year since 2007, arBlS®:stimates that at the end of 2015, there were
approximately 2.2 million adults incarceratedaithcorrectional facilities*

6.2.5.5.1 AnalyticMethods forCorrectionalFacilitiesFood Waste Generation

The literature search identified 27 studies on food waste generation in correctional facilities. The
generation methodologfocuses on six studies that provide food waste generation factors based on

3 See EIA, Commercial Buildings Energy Consumption Suriéipsatwww.eia.gov/consumption/commercial/

Daa used in this analysis are from Table B12, “Selected
accessed alttps://www.eia.gov/consumption/commercial/data/202/bc/pdf/b12.pdf.

"This count comprises offenders held in local jails and in state or federal prisons. See
https://lwww.bjs.gov/content/pub/pdf/cpus15.pdf
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empirical data collected from varioasrrectional facilitieg® Two of these studies (Marion, 2000; and
Connecticut DER2001) rely on data collected by the New York State Department of Correctional

Services (NYS DOCS) Food Discard Recovery Program bE¥@@emd 1997. Using data collected by

the NYS DOCS program, Marion (2000) found that approximately one pound per day of food scraps was
recoverable per inmaté® Connecticut DER2001) usd findingsfrom Marion (2000) but also collected

data from a prisa food waste composting program in Connecticut; they also found that, on average,

one prisoner generates one pound of food waste per day. Additionally, nine other sources published
between 2002 and 2016 rely on the Mari(2000)one pound/inmate/day estimiz in calculating food

waste generated in correctional facilities in various states including Massachusetts, New Jersey, and
South Carolina (Michaels, 2003; Mercer, 2013; South Cal{@&2015).

EPAinitially consideed two methods for estimatindood waste generation from correctional facilities,
as summarized ifable41:

1 Method 1 computes the average of six waste generation factors ranging from 0.85 to 1.4 pounds
per inmate per day, from studies that conducted original research and collectadrdan
correctional facilities. In instances where the study provides a range in the amount of waste
generated per inmate per dafgPAuseal the midpoint of the range ithe calculations. These
studies were published between 2000 and 2018 using data fiestates’’ While the Marion
(2000) andConnecticut DER2001) studies are older, they are frequently cited in other food
waste analyses (see BSR, 2(R&¢yclingWorkMassachusetts, 2013; Labuzetta et 2016);
therefore, EPAretained them in this analgis.

1 Method 2 calculates waste generated per meal basetd ShEPA(1998), acase study of the
NYS DOCS Food Waste Recovery Program for FY 1997. This case study reports that participating
correctional facilities providing 125,000 meals per day generat@8%tons of organic waste,
for a rate of about 0.30 pounds/meal. The analysis implicitly assumes that the organic waste
generated at the facilities is all food waste.

TABLE1 CORRECTIONAL FAGEE FOOD WASTE EFEATIOIRACTORS

METHOD SOURCE YEAR GENERSE?N FAC) GENERATION FACTOR

Marion 2000 Lbginmate/day 1.00

Connecticut DEP 2001 Lbginmate/day 1.00

Florida DEP 2004 Lbginmate/day 1.20

Method 1 Mendrey 2013 Lbginmate/day 1.25
Goldstein 2015 Lbginmate/day 1.40

CalRecycle 2018 Lbginmate/day 0.85

AVERAGE 1.12

5 Several studies report the role that food waste plays in the overall prison solid waste stregemdral, these

studies find that food waste makes up about36f all waste generated (Marion, 200dpRkda DEP, 2004;

Recycling Works Massachusetts, 2013; Hodge.€2@16; CalRecycle, 2018).

“Marion’s |l anguage i s amb indinmate/day estinmate is thendtabfood waste t he one
generated or the amount of food waste recover&lP Aahadysis assumes that the recoverable portion of food

waste is equivalent to food waste generation in correctional facilities.

7 California, ConnecticuElorida, New York, Pennsylvania, and Washington.

75



METHOD DOURCE YEAR GENERSL'l(T)N FACTOR  GENERATION FACTOR
Method 2 U.S. EPA 1998 Lbgmeal 0.30
(Not Used) AVERAGE 0.30

To estimate total food waste generated in correctional faciliteRAmultiplied the generation factors

for each method by the relevant extrapolation basis. For MethddPA applied count of prisones

reported by theBJSThis 2015 count includes prisoners in state and federal correctional facilities as well
those housed in locahils’® For Method 2 EPAassumel that correctional facilities provide three meals

per day. Therefore, the number of meals served per year equals the number of inmates, times three,
times 365 days in the year.

As summarized imable42, Method 1 yields amannual food waste generation estimate gi@oximately
443,000 tons, while Method 2 yields an estimate of approximately 359,000 tons.

EPA relieddn Method 1 for estimating food waste generation from correctional facilities. The Method 1
studies are divers, and are based on waste stream analysis performed in several different locations.
While some of the studies date back to 2000, more recent generation factor estimates are consistent
with the older research.

TABLE2. CORRECTIONACHITIES FOOD WASERERATION PROFILE

METHOD PARAMETER ESTIMATE UNITS SOURCE
Average Generation Factor 1.12 Lbs/ inmate/ day Average
. . Number of inmates | BJ$SCorrectional Populations ir
Metric Estimate 2,173,800 . . .
1c =SH R in the U.S., 2015 the United States Seriés
Method 1 Product of generation factor
Annual Generation Quantity 443,002 Tons and metric value
N . .
gmber of studl.es (N) with 6 Number
original generation factors
Average Generation Factor 0.30 Lbs/employeelyear | Average
BJS$Correctional Populations it
Number of meals for | the United States Series;
Metric Estimate 2,380,311,000 all inmates in the assuming 3 meals/ inmate/ day
Method 2 uU.s., 2015
(Not Used)
. . Product ofgeneration factor
Annual Generation Quantity 359,407 Tons .
and metric value
quber of studl.es (N) with 1 Number
original generation factors

8 Seehttps://www.bjs.gov/content/pub/pdf/cpus15.pdf

7 Correctional Populations in the United States Selfiata can be accessed at
https://www.bjs.gov/index.cfm?ty=pbse&sid=5
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Overall, based on the selected generation factor of 1.12 pounds/inmate/day and the 2015 estimate of
the number of inmates in all U.S. correctional facilities, ! Qa SadAYFdS 2F F22R g ai
correctional facilities in 2015 is 443,002 tofs

Key Assumptions and Limitations

EPA’"s method for estimating generation and manage
confidence in the estimates is relatively high. Studies such as Marion (200@pandcticut DER2001),
however, are growig outdated.

6.2.5.6 olleges and Universities

E P Aniethods for estimating food waste generation from colleges and universities cover all eegree
granting postsecondary institutions, as defined by NCES. Dggaeéing postsecondary institutions
include 2year and 4year institutions that grant associates loigher degrees. The sector includes all
public, private, and nonprofit institutions.

6.2.5.6.1 AnalyticMethods forCdleges andJniversitiesFood Waste Generation

The literature search identified a total of 44 studies addressing food waste generation in calheges
university settings. Many of these studies, however, are not directly useful to methods development.
Some lack quantitative information on generation factors, while others apply generation factors from
earlier studies. Hencé& P Aniethodologyis basedon a subset of ten studies that either involved

original research (e.g., directly weighing plate waste at a college dining hall) or which present estimates
widely cited in the literature.

E P Arethodology incorporates two generation factors to estiméded waste from colleges and
universities. The first generation factor is framed as pounds per meal, and is separated into two
methodological variants. Method 1A is calculated using direct estimates of food waste generation per
meal, including pre&eonsumerfood waste (i.e., kitchen or preparation waste) as well as{ossumer

food waste (i.e., plate waste). As showTable43, five studies offer distinct estimates of this

generation factor. The highest figure is frorarMet Group, LL2008), yielding an estimate of 0.47
pounds per mealEPANcludeal this study because it weighed food waste at all stages of the dining
process, including the kitchen prep area, food serving stations, and consumer stations. The other studies
in Method 1Ainclude Ebner et al. (2014), Sarjahani et al. (2009), and Grauntk&/ilke (2008), all of
which conductd original research on food waste generated from college/university dining EdiA.

also includé one study that did not directly measure food wasgfeneration,Connecticut DER2001),
because it is widely cited in the literatu?e.

OWhil e EPA’'s estimates for al most al | sectors are basect

available at tha@ime of analysis, so these estimates are for 2015.
81See NRDC (2017), Hodge et al. (2016), Battell&)2Btbriarty (2013), Wellesley College (2013), &h8.EPARegion 1
(2011).
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TABLE3. COLLEGES AND URMEIES FOOD WASERERATION FACTORS

GENERATION FACTOR
METHOD DURCE YEAR SAESTESQLﬁN N — POST -
CONSUMER
Ebner et al. 2014 | Lbgmeal 0.07 0.15 0.22
Sarjahani et &. 2009 | Lbgmeal 0.19 0.23 0.42
Method 1A Vannet GroulpLLC 2008 | Lbgmeal 0.16 0.31 0.47
Graunke& Wilke 2008 | Lbgmeal 0.16 0.19 0.35
Connecticut DEP 2001 | Lbgmeal N/A N/A 0.35
AVERAGE 0.36
Thiagarajafl& Getty 2013 Lbgmeal 0.16 0.25 0.40
Whitehair et aB 2013 Lbgmeal 0.09 0.14 0.23
Method 1B | Kim& Morawsk? 2012 Lbgmeal 0.13 0.21 0.34
Caton et al. 2010 | Lbgmeal 0.31 0.49 0.79
AVERAGE 0.44
Method 2 | CalRecycle ‘ 2015 ‘ Lbdstudent/year N/A N/A 22.0
Notes:
1Preconsumer values are estimated for Method 1B using the average proportion @bpimer waste from the studies in
Method 1A.
2Sarjahani et al. (2009) and K&Morawski (2012) estimate food waste generation with and without tr&RAused the average
of the two estimates.
3Whitehair et al(2013)studies the effect of a messaging campaign to reduce food wB§téused the baseline data as the basis
for this generation factor.
4 Totals may not add up due to rounding.

The available literature supports analysis of the same generéditior, pounds per meal, using a
slightly different Method 1B. The literature search identified four additionalaiglity studies that

analyze only postonsumer food waste (i.e., plate waste). The studies in Method 1B have a larger range

between the lavest estimate from Whitehair et al. (28Lwith an estimate of only 0.14 pounds per

meal, and Caton et al. (2010) with an estimate 0.49 pounds per meal. Because the studies in Method 1B

only consider postonsumer wastelzPAscalal the postconsumer food waste generation factors in
Method 1B upward using the average proportion of the food waste generated fromgoosiimer

waste in the studies in Method 1A to estimate a total food waste generation factor. On average, the
Method 1A sudies showed postonsumer waste to be 61%of all waste. Applying this figure to the 1B
post-consumer values yields an estimate of total waste generation per meal. For instance, dividing the
Whitehairet al. (2013kstimate of 0.14 Ibs/meal by 0.614 pides a total food waste estimate (pre

and postconsumer) of 0.23 Ibs/meal. The ptensumer value iffable43is simply the total waste
generation factor minus the postonsumer factor.

Method 2 frames generation in terms of pounds per student per yaad,is estimated from one source
(CalRecycle, 2015). While CalRecfzd 5)does not differentiate between the-K2 and

college/university sector&PAncludedt h e

generation

factor

deri ved

the study is recent and the estates are derived through direct waste samplie§.Aalso use the same
generation factor for KL2 schools. The generation factor developed from CalRecycle (2015) is 22.0
Ibs/student/year, as shown imable43.
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To estimate annual nationwide generation, theerage generation factor must be scaled by an
extrapolation figure. Because both Method 1A and Method 1B are in the same functional form, they use
the same extrapolation basis of meals per year. Several steps are required to calculate meals per year:

1 Meals per Residential Student per YealStudents living on campus consume more food on
campus than nomesidential studentsConnecticutDEP2001) apply two separa
enroll ed student per ye ar-résidensatinstittonseSpecifically, r esi d
they assume a total of 405 meals per residential student per year. Two additional studies
provide data on the number of meals served per enrolled student per year at residential
institutions® The analysis calculates the average mpalsenrolled student at residential
institutions as the average of the three estimates, equal to 285 meals per enrolled student per
year.

1 Meals per NorResidential Student per YearLacking additional data on meals served per
enrolled student at nosresdential institutions EPA retainedhe Connecticut DER2001) value
of 108 meals per enrolled student at noesidential institutions.

1 Weighted Average Meals per StudegtEPAestimated a national average of 169 meals served
per enrolled student as thevarage meals served per enrolled student between residential and
non-residential institutions, weighted by the percent of students attending residential
institutions and norresidential institutions’

1 Number of Enrolled Students Thenumber of enrolled studentis from NCE$' Specifically,
NCES reports a total of about 19,841,000 enrolled students for 2016.

9 Total Meals per Year Total meals served annually is the product of meals per student and total
number of enrolled students. Thanalysis estimates about 3.34 billion meals per ye@016

For Method 2, the extrapolation basis is simply the number of students. The analysis applies the same
source as in Methods 1A and 4Bhe NCES estimate of 19,841,000 enrolled students in 2016.

Table44 summarizes the food waste generation estimates associated with Methods 1A, 1B, and 2. As
shown, Methods 1A and 1B yield similar generation quantities, although this result would be expected
given the interdependent manner in which the generatidectors are estimated and the use of the

82 Ebner et al. (2014) reports two estimates: 180 and 270 meals per enstlidént per year according to two

different methods. We use the average (225) as representative of Ebner et al. (2014). Whitehair et al. (2013)

reports 19,046 meals served at a dining hall serving 540 students ovewaeaiperiod. Assuming an academic

calendar of 270 days following Connecticut DEP (2001), EPA estimated an average of 226 meals per student per

year as representative of Whitehair et al. (2013).

83 EPA estimated that 34% of all enrolled students attend residential institutions. EPA caldhkafercent of
enrolled students attending residenti al institutions a:
“highly residential” institutions divided by the total
TablesCarnegie Classification of Institutions of Higher Education, Center for Postsecondary Research, Indiana
University School of Education, availabletatp://carnegieclassifications.iu.eddbwnloads.php

84While the Carnegie data on residential institutions has been updated every five years since 2000, EPA used the
NCES data because it is updated annually. See Table 303.25: Total fall enrollment irghegieg postsecondary

institutions, by control and level of institution: 1970 through 2016, NCES, available at:
https://nces.ed.gov/programs/digest/current_tables.asp.
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same extrapolation basis of meals per year. The generation quantity estimated from Method 2 is lower
by roughly a factorofthree PA’ s met hodol ogy uses a simple averac
eachstudy has equal weight in the average.

TABLE4. COLLEGES AND URSEIES FOOD WASERERATION ESTIMATE

METHOD PARAMETER ESTIMATE UNITS
Average Generation Factor 0.36 Lbs/meal
Basis for Extrapolation 3,344,374,796 Meals, 2016
Method 1A Annual Generation Quantity 604,219 Tons/year
Number. of studies (N) with original 5 Number
generation factors
Average Generation Factor 0.44 Lbs/meal
Basis for Extrapolation 3,344,374,796 Meals, 2016
Method 1B AnnualGeneration Quantity 734,200 Tonslyear
Number. of studies (N) with original 4 Number
generation factors
Average Generation Factor 22.0 Lbs/student/year
Basis for Extrapolation 19,841,014 Sudents, 2016
Method 2 Annual Generation Quantity 218,450 Tons/year
Number. of studies (N) with original 1 Number
generation factors
AVERAGE GENERATION ESTIMATE 617,634 Tonslyear

EPAQ & S & (i fbod wasts geReFaed fromcolleges and universities in 2046 617,634 tons
Key Assumptions antdimitations

1 The studies used to estimate generation factors for colleges and universities may not be
representative of food waste generation at colleges and universities nationwide. Across the
studies, generation rates vary, which could be the result 8ége-specific factors EPA is unable
to control for in a national analysis, including the use of trays, campus food waste reduction
initiatives, regional food supply systems, and/or the mode of food service.

9 Multiple sources of food waste generationexassn col | ege campuses. Whil e
account for food waste from dining hall meals, they do not consider food waste from residential
waste streams within university campuses. For example, Caton et al. (2016) report that food
waste represents a simil@roportion of residential college waste as for total MSW, even after
excluding cafeteria waste from the analysis. Because approximately 2.69 million students live in
college/university housing, residential food waste on college and university campuses may
represent a significant source of additional food waste generdfidmnis would be a source of
underestimation in EPA’'s methodol ogy.

852016 American Community Survey, U.S. Cer&2801B: Characteristics of the group quarters population by
groupquarters type.
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1 Some double counting likely occurs between the residential and colleges/universities analyses.
Some of the residential mkbds are built on pecapita generation using the entire U.S.
population. Most students will spend a portion of the year at home, contributing to residential
food waste generation; however, the population of students who spend a portion of the year at
schal is not netted out of the residential population figures.

6.2.5.7 K-12 Schools

The methods for estimating food waste generation frorhiKschools cover all primary and secondary
educational institutions, as defined by the NCES. Primary and secondary edudastingions include
both public and private institutions.

6.2.5.7.1 AnalyticMethods fork-12 School&ood Waste Generation

The literature search identified a total of 32 studies addressing food waste generation irflthedkool
setting. Many of these studies, however, are not directly useful to methods development. Some lack
guantitative information on generation factors, viga others apply generation factors from earlier

studies. Hence: P Aniethods are based on a subset of six studies that either involved original research
(e.g., waste audits at an elementary school) or that present estimates widely cited in the literature

E P Arethodology incorporates two generation factors: tons per student per year and pounds per

meal. Method 1 (tons per student per year) is calculated using three stéfdigikie et al.(2015)

estimate an average generation factor of 25.9 pounds pedent per year based on sampling at three
different Florida school%.RecyclingWorks Massachusetts estimates an average generation factor of
18.0 pounds per student per year, based on waste audits conducted at seven public elementary, middle,
and high scbols. The final study included in Method 1 is CalRecycle (2015), which estimates a
generation factor of 22.0 pounds per student per y&ar.

Method 2 uses a generation factor of pounds (per student) per meal. Byker et al. (2014) esimate
average generabn factor of 0.52 pounds per meal at public fiiedergarten and kindergarten classes.
EPAalso includd one study that did not directly measure food waste generation at typic Kchools,
Connecticut DER2001), because it is widely cited in the litena.®® Connecticut DER2001) estimate

an average of 0.35 pounds of food waste per meal.

86 NRDC (2017) conducted bin digs at 12 different schools in three cities, resulting in an average generation factor
of 24.6 pounds per student per year. These findings are commensurate with those in the literature directly used in
the recomnmended analysis. However, the recommended analysis excludes the NRDC figures because NRDC only
used the data to “ground truth” other generation factol
87 The three schools include one public elertay school, one public high school, and one private middle/high
school.

88 CalRecycle (2015) reports a generation rate of 3.67 tonstalfwaste per year per 100 students in Table 39.

This is converted to food waste using the estimated percentage of wdate that is food waste of 30.0 percent,

from Table 40. As noted earlier, the CalRecycle study pools all educational institutions, including
colleges/universities and-kK2 schools. EPA applied the same generation factor in both sectors.

89 Connecticut EP (2001) estimates food waste generation at colleges, universities, and independent preparatory
schools. Cited in South Carolina DOC (2011), Mercer (2013), BSR (2012), and U.S. EPA Region 1 (2011).
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Wilkieet al.(2015)and Bykeeet al. (2014 ktudies differentiate between food waste and milk waste. The
recommended methods incorporate both food and milk wastelinitly assuming that students dispose
of milk waste in the same trash receptacles as other food waste.

Table 45 summarizes the two methods and food waste generation factorsi@rskhools.

TABLES. K12 SCHOOLS FOOBSTESENERATION FACTORS

METHOD SOURCE YEAR GENERS—Il\—Ill?N FACTC GENERATION FACTQO
Wilkieet al. 2015 | Lbgstudent/year 25.9
RecyclingWorks MA 2013 | Lbgstudent/year 18.0

Method 1 CalRecycle 2015 | Lbgstudent/year 22.0

AVERAGE 22.0

Byker etal. 2014 | Lbgmeal 0.52

Method 2 Connecticut DEP 2001 | Lbsgmeal 0.35
AVERAGE 0.43

To estimate annual nationwide generation, the average generation factor must be scaled by an
extrapolation figure. Method 1 and Method 2 use two separate extrapolation bases to develop
estimates of total national food waste per year in thdXsector:

1 Method 1 ¢ Number of StudentsThe generation factor of pounds per student per year is
simply multiplied by the total H2 students to estimate the total food waste per yeaRPA
obtained estimates for the number of enrolled primary and secondary students from NCES. In
2014, NCES reported 56.1 million studefits.

1 Method 2 ¢ Meals per yearThe generation factor of pounds per meal requires two underlying
data points: meals per student peraeand total students. The number of total students used is
the same value as described above as the extrapolation basis for Method 1. To calculate the
total number of meals per studenEPAused data released from the National School Lunch
Program (NSLPR)hich reports the total number of students enrolled in the program and the
number of meals served per ye#The result is an average of 163 meals per student per. year
The multiplication of the number of students and meals per student per year yields an
extrapolation basis of approximately 9.14 billion meals per year.

Table46 summarizes the food waste generation estimates associated with Methods 1 and 2. As shown,
Method 1 results in an annual generation estimate that is roughly a factor of three |baarthe

estimate developed via Method EP A’ s met hodol ogy uses a simpl e
applied, i.e., each study has equal weight in the average.

%0 Total K12 enroliment is estimated as the sum of pulaitd private school enrollment. Specifically, NCES table
203.10 reports total public school enrollment of 50.3 million in 2014, and NCES table 205.10 reports total private
school enrollment as 10.3% of total enrollment in 2015. We divide the total puiimo$ enroliment by one minus

the percentage of students enrolled in private schools (89.7 percent), for a result of 56.1 million total students

91 Data from the NSLP for FY2017 includes 30.0 million students, or approximately 60% of the total public schoo
enrollment, accessed altttps://catalog.data.gov/dataset/nationaschootlunch-assistanceprogramparticipation
andmealsserved-data.
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TABLE6. k12 SCHOOLS FOOBSTE GENERATIONMSTE

METHOD PARAMETER ESTIMATE UNITS
Average Generation Factor 22.0 Lbs/student/year
Basis for Extrapolation 56,085,576 Sudents
Method 1
Annual Generation Quantity 616,576 Tonslyear
Number. of studies (N) with original 3 Number
generation factors
Average Generation Factor 0.43 Lbs/meal
Basis for Extrapolation 9,144,080,193 Meals/year
Method 2
Annual Generation Quantity 1,981,844 Tons/year
Number. of studies (N) with original 5 Number
generation factors
AVERAGE GENERATION ESTIMATE 1,162,683 Tonslyear
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Key Assumptions and Limitations
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The studies applied in the recommended methods are limited in number and scope, and therefore may
not be representative bfood waste generation at-K2 schools nationwide. Specifically, food waste
generation may be higher for younger students compared to older students, and higher in public school
settings compared to private schodfsTo the extent that the generation famts used to develop the
average national estimates fail to capture the true underlying distribution of these characteristics in U.S.
K-12 institutions, the total quantity of food waste estimated may be biased.

6.2.6 Food Banks

Unspoiled excess food can be caiéetand redistributed to those in need through food pantries, food
banks and other food rescue programs. To the extent that this excess food is not able to be successfully

distributed, food banks themselves are also (minor) generators of food waste.

E P Aiterature search identified a total of ten studies examining food waste generated from the food
bank sector. Many of these studies, however, are not directly useful to methods development because
they lack guantitative information on management rates anmdapply management rates from earlier

studies.

Therefor e,

EPA’ s

esti

mati on

met hod

S

prbasadir i |y

nonprofit food rescue organization with a nationwide network of more than 200 food banks. Feeding
Ameri@ secures food from corporate manufacturers, retailers, and produce suppliers nationwide; stores

92 The results in the Technical Appendix for NRDC (2017) and Wilkie et al. (2015) show large differences in
generation rates per student depending on the age of the student and the school setting (public or private).
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excess food temporarily in warehouses; and then distributes the excess food to families and individuals

through food assistance agencies such as youth or segsitters, shelters, and food pantries.

The Feeding America dataset details food rescue data from 2014 for 203 food banks. Feeding America

provided data for food banks of various sizes in all 50 states. As a result, it likely captures the inherent

excessdod management variation associated with diverse excess food donation, demand, and
operations management practices.

The Feeding America data provide the total quantity of food receivad ffonation as well as the
guantity of donated food that is disposed of due to spoilage, expiration, or other quality and safety
considerationsEPA used the Feeding America data to estimate the quantity of food waste generated
from food banks. Using the repted tonnage of food received that is ultimately disposed of by the food

banks, EPA calculated food waste generated per food bank establishment and multiplied this metric by

the total number of food banks nationwide to arrive at an estimate of food wgseteerated from food

banks.EPA estimates that each food bank generates about 299 tons of food waste per year. Table 47

summari zes EPA’s food waste generation methodol og

TABLE7. FOOD BANKS FOOD WAGENERATION BSATE

SCOPE PARAMETER QUANTITY SOURCE
Excess food received that is disposed of (tons) 60,787 Feedlgg amenca,
Feeding America Number of Feeding America locations providing 203 Feeding America,
excess food data 2014
Food waste generated péood bank (tons/food 299 Calculated
bank)
Total number of food banks nationwide 1,263 Hoovers, 2017
National Total quantity of food waste generated by the Extrapolation
. 378,198 .
food donation sector (tons) calculation
9t ! Qa SaidAvYl (g&erater fromXaddbankd id201% is 31898tons %
Key Assumptions and Limitations
EPA’' s estimate relies on several assumptions:

1 Feeding America accurately reported the quantity of excess food donated and food waste
generated®

SBWhil e EPA's osdlsectars aeeshasédmon 20E6Idata, data for 2016 for this sector was not
available at the time of analysis, so these estimates rely on data from 2014 and 2017. However, EPA does not
expect the data to vary too much year to year, and therefore thigreste is likely representative of 2016.
“Note that available data from the |literature and
generated. Based on Feeding America’s data, 3% of
aligns with reported food wastgenerated from other sources. Email correspondence with Food for Free, a
Bostonbased food rescue organization noted that 2.4% of all received food is disposed of due to spoilage and
FoodLink, a Rochestbased food rescue organization noted that approaiely 6% of all received food is disposed
of (Sourcehttp://proceedings.asmedigitalcollection.asme.org/proceeding.aspx?articleid=1797430
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1 The data reported by Feeding America capture a representative sample of the food donation
universe and comparable in size to other food banks; forming a reasonable basis for
extrapolation.

9 The quantity of direct local, informal donations (e.g., food dedadirectly to a local food bank)
is negligible in comparison to the quantity of food managed by Feeding America and food banks
nationwide.

1 Any packaging included in the excess food tonnage reported by Feeding America is significantly
lower in comparisorto the overall quantity of excess food managed and is therefore negligible.
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6.3 Appendix C: Detailed Generation and Manager&stimatesf Excess Food and Food Waste

Table 48 contains estimates of the amount of food waste and excess food generated by each sector, and the amount maaaked by e

management pathway, per sector.

TABLE8. GENERATION AND MAIRMENT ESTIMATES REESS FOOD/FOOD VEAST SECTOR (2016)

EXCESS FOOD AND FMAN3TE MANAGED BYCIBR (TONS)
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Food Donation| 3,017,788 - 2,082,097| 935,691 - 3,017,788 - - - - - - - - - 9,053,36% | 8,675,167
Animal Feed |18,642,45( - 1,243,416| 558,789 - 3,054 - - - - - - - - - 20,447,709 20,447,709
Codigestion/
Anaerobic 5,377,238 - 1,218,209| 547,461 | 155,275 | 2,354,142| 5,309 | 40,199 64,943| 8,216 | 558,154 | 61,747 | 86,088 | 162,059| 52,715 {10,639,041/10,691,756
Digestion
Composting/
Aerobic 819,205 | 702,209 | 684,923 | 307,803| 37,907 164,811 | 1,296 | 9,814 | 15,855| 2,006 | 136,262 | 15,074 | 21,017| 39,564 | 11,427 | 2,957,746 | 2,969,173
Processes
Bio-based
B'\i"ofﬁgiiséal 328,042 - 382,005 | 171,673| - 1,260,399| - - - ; - - - ; - | 2,151,119 2,151,119
Processing
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EXCESS FOOD AND FGMN3TE MANAGED BYCIBR (TONS)
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Land Applicatior| 8,214,481 - 178,047 | 80,014 - - - - - - - - - - 8,472,542 | 8,472,542
Sewer/
Wastewater - 3,685,299 - - - - - - - - - - - - - 3,685,299| 3,685,299
Treatment
Landfill 1,234,043|16,422,419 2,660,396(1,195,57¢ 742,087 | 8,202,954 25,372(192,11¢ 310,376 39,265/2,667,514 295,102 411,431 774,510| 252,463 |35,173,154(35,425,617
C(I:ooggsgggn 180,048 | 3,758,740 232,905 | 104,667| 178,741 | 1,874,385| 6,111 |46,273 74,758| 9,458 | 642,503| 71,079| 99,098 | 186,550 61,593 | 7,465,317 | 7,526,909
Total Food
Waste & Exces| 37,813,294 24,568,66( 8,681,999(3,901,677 1,114,011] 16,886,534 38,088[288,40] 465,932 58,944{4,004,43(0 443,002/ 617,6341,162,683 378,198 (100,045,29{100,045,29
Food
Percent of Tota| 37.8% 24.6% 8.7% 3.9% 1.1% 16.9% 0.0% | 0.3% | 0.5% | 0.1%| 4.0% 0.4% | 0.6% 1.2% n/a

Note:

L Although 9,053,365 tons of excess food are donated to fwamtks, food banks are not able to distribute all the food that is donated to them due to spoilage, expiration, or othes r&hswefore,
lapproximately 378,198 tonsf the 9,053,365 tonends up being managed as food waste via codigestion/anaerobididigesomposting/aerobic processes, landfill, and controlled combustiothe
Intermediate Amount Managed column, tlestimatesof food wastedo not yet distribute the 378,198 tons those four pathways
?Although 9,053,365 tons of excess food are deddo foodbanks, food banks are not able to distribute all the food that is donated to them due to spoilage, expiration, or othes rd&msuvefore,
lapproximately 378,198 tonsf the 9,053,365 tonends up being managed as food waste via codigestiomiaidc digestion, composting/aerobic processes, landfill, and controlled combubtitime
'Total Managed by Each Pathway coluntre éstimates of food waste generated by food banks are included in the management pathway estimates for those four pathways.
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